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INTRODUCTION 


Non-invasive  cardiological  methods  are  useful  in  the  expert  medical  examination  of  flying  personnel  since,  because 
they  are  non-invasive,  they  are  readily  accepted  by  the  subjects.  They  provide  easily  reproducible  records  which  can  be 
used  to  compare  the  findings  of  one  examination  with  those  of  another.  These  records  can  be  included  in  a  case  record 
and  constitute  medico-legal  evidence. 

These  examinations  can  be  divided  into  three  categories: 

(1)  The  standard  electrocardiogram  and  cardiac  X-ray  are  obligatory  additions  to  expert  clinical  examination,  which 
forms  the  basis  of  cardiological  assessment. 

(2)  In  some  special  cases,  the  expert  may  employ  complementary  examinations:  exercise  test  with  electrocardiographic 
recording,  Holter  24-hour  electrocardiographic  monitoring,  echocardiography  with  its  various  modalities  -  TM, 
two-dimensional,  ultra  sound,  isotopic  exploration. 

(3)  The  special  cardiological  tests  are  useful  either  as  a  complementary  examination  in  the  expert  medical  examination 
or  else  for  the  purpose  of  physiological  research  in  aeronautical  or  space  medicine.  These  include :  Rheocardiography 
with  determination  of  the  intervals  of  systolic  time,  balistocardiography,  tilt  table,  LBNP-test  and  centrifuge. 

With  the  introduction  of  new  fighter  aircraft  with  more  sudden,  severe  and  prolonged  accelerations,  these 
cardiological  methods  will  probably  become  more  important. 

The  aim  of  some  of  these  tests  will  be  to  establish  more  accurately  the/Organic  or  functional  integrity  of  the 
cardiovascular  system.  Other  tests,  especially  those  known  as  “special  tests”  will  be  used  as  selection  tests  intended  to 
pick  out  the  candidates  best  able  to  tolerate  the  most  extreme  accelerations 
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CHAPTER  1 


MAIN  ELECTROCARDIOGRAPHIC  ABNORMALITIES 
IN  THE  MEDICAL  EXAMINATION  OF  FLYING  PERSONNEL 

by  R.  Carre*,  A.  Didier**,  and  H.  Ille** 


The  flying  of  very  high  performance  aircraft  such  as  the  Mirage  2000  or  4000, 
demands  that  flying  personnel  be  selected  to  ensure  maximum  flight  safety.  During  such 
flights,  the  cardiovascular  system  is  the  physiological  system  exposed  to  the  greatest 
stress . 


Military  regulations  concerning  the  medical  suitability  of  flying  personnel 
require  total  organic  and  functional  integrity  of  the  circulatory  system. 

An  electrocardiogram  with  6  peripheral  and  precordial  leads  is  performed  at 
each  admission  or  review  check  up  of  the  flying  personnel. 

Unsuitability  of  flying  personnel  is  readily  established  if  any  of  the  signs 
listed  below  are  present: 

-  arrhythmias:  flutter,  atrial  fibrillation,  obvious  conduction  disorders; 

-  complete  right  bundle  branch  block  or  complete  left  bundle  branch  block; 

-  sequel lae  of  myocardial  infarctus,  some  of  which  the  subject  may  be  aware  of, 
but  others  which  may  not  be  apparent  to  the  pilots  themselves.  Over  a  10-year 
period,  we  detected  eight  cases  of  myocardial  infarctus  which  had  passed 
unnoticed  and  were  discovered  during  routine  review  examinations.  In  some 
difficult  cases  a  vectocardiogram  may  be  useful. 

However,  some  electrocardiographic  recordings  may  be  indecisive  and  we  envisage 
investigation  of  the  following  features: 

1)  Certain  arrhythmias 

2)  Partial  right  bundle  branch  blocks 

3)  Left  axis  deviations  and  their  relationship  with  the  notion  of  left 
anterior  hemiblock 

4)  The  Wolf f-Parkinson-White  syndrome 

5)  Atypical  ventricular  repolarisation 

I  -  ARRHYTHMIAS 

Excitability  disturbances  are  frequent.  Atrial,  nodal  and  ventricular  extra¬ 
systoles  are  routinely  detected;  but  it  is  difficult  to  establish  ar.  acceptable  threshold. 
Holter-monitoring  involving  24-hour  electrocardiographic  recording,  has  demonstrated  the 
frequency  of  such  disturbances  in  the  asymptomatic  subject  and  it  is  difficult  to  establish 
criteria  of  normality  in  this  area.  Various  studies  (3)  (5)  (8)  have  established  certain 
features : 


-  over  24  hours,  nearly  50%  of  subjects  present  ventricular  extrasystoles; 
ventricular  extrasystoles  are  common  in  the  elderly  but  rare  in  young 
subjects;  when  they  do  occur  it  is  at  a  frequency  of  less  than  one  per 
minute  and  isolated  rather  than  occurring  as  doublets  or  salvos. 

-  atrial  extrasystoles  are  commonplace  in  the  elderly  and  rare  in  young  subjects, 
unlike  nocturnal  sinus  pauses  which  are  frequent  in  young  subjects  without 
apparent  heart  disease;  these  are  always  nocturnal  and  result  from  excessive 
vagal  tone  (13)  (6). 

Many  rhythm  disturbances  disappear  during  certain  forced  tests  (exercise  test  ) 
and  do  not  indicate  any  lack  of  fitness  but  when  these  extrasystoles  occur,  either  during 
or  following  an  effort  test,  or  during  aeronautical  force  tests  (centrifuge,  orthostatic 
test.  Lower  Body  Negative  Pressure  test),  they  do  cast  doubt  on  suitability  for  flying. 
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Photograph  1  JU  . . .  Joseph  24  years  W.70  kg  H.1.80  m 

Fluctuations  of  conduction  and  excitability  disturbances 

Atrioventricular  conduction  disorders  obviously  disbar  the  subject  from  any 
post  involving  flying.  However,  lengthening  of  the  PR  interval  is  more  debatable: 

-  first  we  have  to  define  normality,  on  the  basis  of  histograms  obtained  from 

200  patients,  the  PR  interval  can  be  said  to  be  prolonged  if  it  exceeds  24/100ths 
of  a  second; 

-  then  the  significance  of  this  must  be  determined:  is  this  of  vagal  origin 
(constitutional  or  acquired),  or  is  it  some  impairment  of  specific  conduction 
tissue  which  could  deteriorate  further? 

Since  the  introduction  of  endocavitary  recording  of  the  potentials  in  the  bundle 
of  His,  it  has  become  clear  that  the  significance  of  impairment  of  atrioventricular 
conduction  may  vary:  a  supra-His  block  is  generally  less  serious  than  an  infra-His  block. 
The  problem,  therefore,  is  to  establish  whether  a  first  <r  even  second  de  ;  ee  disorder 
of  atrioventricular  conduction  is  a  benign  abnormality  or  not,  and  how  to  determine  this 
by  means  of  a  simple,  non-invasive  method.  The  frequency  of  cardiac  conduction  abnorm¬ 
ality  in  the  athletic  subject  (19)  is  established.  This  is  explained  on  the  basis  of  a 
functional  disorder  of  vagal  origin,  like  the  bradycardia  of  the  athletic  heart. 
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exerciseECG-  disappearance  of  excitability  disorders 
with  accelerating  heart  rate 
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The  pneumogastric  nerve  or  vagus  which  constitutes  the  Xth  cranial  pair  is  a 
sensory-motor  nerve  with  a  large  territory  including  the  thoracic  vicera  and,  in  particular, 
the  heart.  The  fibres  of  the  right  pneumogastic  destined  for  the  heart  supply  the  posterior 
part  of  the  atrium  and,  in  particular,  Keith's  bundle;  the  left  vagal  fibres  are  closely 
related  with  the  Aschoff-Tawara  node  and  less  closely  with  the  ventricles. 

Stimulation  of  the  vagus  slows  the  heart  rate  (negative  chronotropic  effect); 
if  the  stimulation  is  intense,  arrest  occurs  in  diastole,  which  always  terminates  in 
escape  triggered  by  the  pacemaking  activity  of  the  node.  Stimulation  of  the  pneumogastric 
nerve  depresses  atrioventricular  conduction  (negative  dromotropic  effect)  .  This  is 
reflected  in  the  ECG  by  a  lengthening  of  the  RP  interval  and  even  by  second  degree  atrio¬ 
ventricular  block  (AVB).  Recordings  of  the  electrical  activity  of  the  bundle  of  His 
situates  the  disorder  as  an  impairment  of  atrio-his  conduction  (lengthened  AH  segment). 
However#  stimulation  of  the  left  pneumogastric  more  easily  gives  rise  to  second  or  even  third 
degree  AVB. 


Two  simple  tests  establish  the  involvement  of  the  vagus: 

-  ocular  compression  during  electrocardiographic  monitoring,  investigation  of  the 
oculocardiac  reflex  (OCR) 

-  the  atropine  (a  natural  parasympatholytic)  test 

Study  of  the  oculocardiac  reflex:  compression  of  the  eyeballs  for  15  seconds 
produces  slowing  of  the  heart  rate  in  most  subjects.  The  severity  of  the  slowing  varies 
and  may  result  in  cardiac  arrest  in  diastole. 

The  test  is  positive  if  it  results  in  : 

-  either  a  cardiac  pause  of  at  least  5  seconds 

-  or  clinical  signs  (syncopy)  or  (presyneopic  signs). 

The  atropine  test  consists  of  taking  an  elect rocardiogr aphic  recording  before 
and  45  minutes  after  int ramuscular  injection  of  1.5  mg  of  atropine.  The  test  is  positive 
if  it  produces  a  clear  shortening  of  the  PR  interval. 

However,  some  reservations  have  been  expressed  with  respect  to  the  value  of  this 
test.  The  test  may  improve  A-V  conduction  even  in  the  presence  of  organic  disorder. 

However,  functional  disorder  is  more  probable  if  the  disorder  varies  with  time,  if  it  is 
not  accompanied  by  any  organic  lesion  detectable  by  the  clinical  examination  and  the  usual, 
complementary  examinations  (ECG,  X-ray)  and  if  the  subject  demonstrates  good  tolerance  to 
aerodynamic  stress  tests  (hypoxia,  depression,  acceleration).  However,  this  does  not 
ent  irely  rule  out  the  possibility  of  a  congenital  weakness  of  the  conduct ing  t  issue  likely  to 
deteriorate  with  time.  Regular  check  ups  are  necessary  and  the  regulations  provide  for  an 
annual  check  up  for  all  flying  personnel  and  a  six-monthly  check  up  for  pilots.  In  some 
doubtful  cases,  only  recording  the  electrical  activity  in  the  bundle  of  His  is  really 
dec i s i ve . 


When  vagal  involvement  is  apparent,  it  may  appear  either  as  a  mechanism  of 
adapting  to  repeated  stress,  similar  to  that  of  the  athletic  heart,  or  else  as  a  dysfunction 
of  these  same  sympathetic  adaptation  mechanisms.  In  the  latter  case,  vagal  tone  is 
responsible  for  malaise  and  even  loss  of  consciousness  and  is  a  negative  factor  which  may 
result  in  occupational  unsuitability. 


II  -  PARTIAL  RIGHT  BUNDLE  BRANCH  B!,OCX* 

The  most  commonly  encountered  aspects  of  partial  right  bur. die  blocks  are,  in 
the  opinion  of  the  a  bhors,  not  incompatible  wk-i  aviation  if  the  tot  al  duration  of  the 
QRS  complex  doe  not  exceed  12/100ths  of  a  second,  if  the  rSr'  VI  block  remains  unchanged 
or  disappears  durun  the  Flack  test  or  endurance  test  at  40  mm  Hg . 

A  statistics  study  carried  out  at  the  Centre  Principal  d'Experfise  Medicale  du 
Personnel  Navigant  at  Pans  has  established  that  these  features  of  partial  right  bundle  block 
were  present  in  12%  of  candidates  at  admission  and  that  this  percentage  was  higher  the 
younger  these  subjects.  It  can  therefore  be  advanced  that  frequently  these  features  of 
part  ial  right  bundle  b;  .inch  block,  which  may  disappear  during  Flack  rotation,  may  be  merely 
a  physiological  aspect  of  he  youthful  elect rocardiogr am.  rt  would  therefore  be  an  error 
to  eliminate  automatically  all  subjects  presenting  such  features,  especially  since  multiple 
simultaneous  recordings  from  several  leads  terd  to  include  as  partial  right  bundle  branch 
block  similar  morphologi cal  images,  some  of  which  present  an  r*  peak  which  obviously  does 
not  correspond  with  delayed  contraction  of  the  right  heart. 

III  -  LEFT  QRS  AXIS  DEVIATION 

Determination  of  the  mean  axis  of  the  QRS  complex  in  the  frontal  plan  is  a 
fundamental  element  of  the  analysis  of  an  electrocardiogram  recorded  in  the  usual  way. 

This  axis  is  normal  for  adult  subjects  if  it  lies  between  -30°  and  +  110°  (16). 

Apart  from  any  pathological  cause,  the  electrical  axis  of  the  heart  varies 
within  this  range  depending  on  its  anatomical  position  in  the  thorax.  Although  there  is  no 
constant  correspondance ,  a  horizontal  position  of  the  heart  is  often  associated  with  a  shift 
of  the  electrical  axis  towards  the  left,  whereas  right  deviation  is  often  found  with  the 
heart  vertical. 


A  clear  deviation  to  the  left  of  the  QRS  axis  in  excess  of  -30°  is  often 
indicative  of  a  pathological  condition:  it  is  present  in  some  congenital  heart  diseases 
and  is  suggestive  in  particular  of  left  ventricular  hypertrophy.  It  is  generally  admitted, 
after  GRANT  (10),  that  in  isolation  such  a  deviation  has  a  negative  significance;  morbidity 
and  mortality  due  to  cardiovascular  disease,  in  particular  to  coronary  artery  disease,  is 
higher  amongst  subjects  with  this  abnormality  than  amongst  the  general  population. 

The  anatomo-clinical  observation  of  BAHL  et  al  (1)  support  this:  344  of  the 
453  subjects  investigated,  all  of  whom  presented  left  deviation  of  the  QRS  axis,  were 
studied  in  an  epidemiological  study  involving  4678  subjects  aged  over  20  years.  In  41% 
of  the  subjects  with  this  abnormality,  it  was  an  isolated  feature.  The  subjects  were 
followed  up  over  a  4-year  period  and  cardiovascular  morbidity  and  mortality  were  no  different 
from  those  of  the  rest  of  the  population. 

A  new  physio-pathological  concept  has  emerged  from  the  studies  of  GRANT  in 
1956  (10),  of  LENEGRE  in  1958  (14),  of  PRYOR  and  BLOUNT  in  1966  (17)  and  especially  of 
ROSENBAUM  in  1968  (23)  .  This  is  the  concept  of  hemiblocks  the  left  branch  of  the  bundle 
of  His  division  which  rapidly  established  itself  as  a  source  of  major  QRS  axis  deviations. 


CURRENT  CONCEPTS  OF  VENTRICULAR  ACTIVATION 

The  bundle  of  His  divides  into  two  branches,  right  and  left,  which  propagate 
the  stimulus  received  from  the  Aschoff  Tawara  node  to  the  ventricles. 


Diagram  of  the 

Division  of  the  bundle  of  His 
and  its  branches 


Anterior  LV  Median 

fascicle  of  fascicle 

the  left 
branch 


Diagram  of 

Ventricular  activation 

Mint 


HIM 


Normal 


Left  anterior  hemi block 


(after  Fernandez) 
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Whereas  the  right  division  is  single  until  its  terminal  arborization,  the  left 
division  divides  into  several  secondary  fascicles.  There  is  a  range  of  anatomical  variations 
which  are  debatable  but  on  the  functioning  level,  the  sequence  of  events  follows  that  of 
ROSENBAUM'S  original  concept:  an  anterior  and  superior  fascicle  activates  the  corresponding 
areas  of  the  left  ventricular  myocardium,  the  rest  of  the  ventricles  being  activated  by  an 
inferior,  posterior  fascicle. 

The  left  branch  hemiblocks  are  therefore  defined  as  systematic  impairment  of 
i nt ravent. r icular  conduction  involving  one  of  the  fascicles  of  the  division  of  this  branch. 

We  will  not  discuss  posterior  left  hemiblock  further,  this  is  much  less  frequent  in  isolation 
than  anterior  block  and  we  found  no  examples  of  it. 

Left  anterior  hemiblock  produces  delayed  activation  of  the  anterior  upper  half 
of  the  left  ventricle.  The  electrocardiographic  repercussions  have  now  been  clearly 
established  (FERNANDEZ  (9): 

-  the  initial  vector,  reflecting  septal  activation,  loses  one  of  its  left, 
components  and  is  shifted  downwards,  rightwards  and  forwards.  The 
extent  of  this  shift  depends  on  the  extent  of  the  lesion,  as  the 
vectocardiographic  studies  of  CLEMENTY,  BROUSTET  et  al  (4)  have  shown; 

-  the  delay  in  activation  of  the  upper  anterior  half  of  the  left  ventricle 
results  in  a  leftward  deviation  of  the  axis  of  the  terminal  vectors; 

-  over  all,  the  main  sign  of  left  anterior  hemiblock  is  left  axis  deviation 
of  the  electrical  axis  of  the  maximum  vector. 

The  table  below  shows  electrocardiographic  criteria  of  this  hemiblock. 


Sinus 

Rhythm 

Duration  of  QRS 

Normal  or  increased  up  to  12/l00th  of  a  second 

QRS  Axis 

between  -  30°  and  -  90° 

First  vectors 

ql,  r2 ,  r  3 

Last  vectors 

shifted  leftwards 

Lewis'  index 

may  exceed  +  17 

V4  -  V5  -  V6 

R/s  pattern 

< 

i 

< 
r  j 

Variable,  sometimes  r  S  r' 

Repol ar i sat  ion 

Normal  or  secondary  disturbances 

Intrinsic  AVL  deflexion 

Over  5/l00th  of  a  second 

Before  considering  the  clinical  significance  of  these  electrical  features, 
wo  should  eliminate  some  possibilities. 

Differential  diagnosis: 

The  so-called  positional  left  deviation  of  the  QRS  axis  does  not  normally 
exceed  -  30° . 

Left  ventricular  hypertrophy  is  recognised  from  the  clinical,  etiological, 

and  radiological  context,  and  from  abnormalities  of  the  ECG  recordings.  Some  authors  hold 
that  clear  loft  axis  deviation  is  in  cases  of  left  ventricular  hypertrophy,  a  sign  oc  true 
hemiblock . 


The  Wo l f f-Parkinson-Wh i te  syndrome,  type  B,  is  accompanied  by  a  leftward  shift 
of  the  QRS  axis. 

The  relationship  between  left  anterior  hemiblock  and  myocardial  infarctus  are 
more  complex  :  (FERNANDEZ  (9)). 

-  hemiblock  may  resemble  ant ero-sept al  necrosis  in  the  appearance  of  the 

QS  segment  and  in  a  reduction  of  the  r  waves  from  VI  to  V3, 

-  hemiblock  may  be  associated  with  the  infarctus, 

~  hemiblock  may  mask  necrosis  { an tcro-sept al  or  diaphragmatic). 
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CASE  N°  2  7 

SOU  .  ..,  21  years,  1.76  m,  66  kg 
Clinical  signs  =  N.A.D. 


Typical  ECG  record 
in  left  anterior  hemiblock 


The  diagnosis  can  be  corrected  by  recording  with  electrodes  in  a  low  position 
or  better  still,  using  a  vectocardiograph . 

CLINICAL  SIGNIFICANCE  OF  LEFT  ANTERIOR  HEMIBLOCKS 
The  main  etiologies  of  this  conduction  disorder  are  summarised  in  the  table 

below: 


:  Congenital 

Ventricular  septal  defect  : 

♦  heart  diseases 

Atrioventricular  canal  : 
Tricuspid  atresia  : 
Single  ventricle  : 

:  Acquired  heart 

Aortic  valve  disease  : 

disease 

Hypertension  : 
Obstructive  myocardiopathy  : 
Alcoholic  myocardiopathy  : 
Amylosis,  haemochromatosis  : 
Friedreich  disease 

Myotonia  and  muscular  dystrophies  : 
Chagas-disease  : 
Coronary  artery  disease  : 
Primitive  disorders  of  the  conduction  pathways  : 

:  Functional  causes 

Hyperkalaemia  : 

Digitalis  overdose  : 

According  to  FERNANDEZ,  in  25  %  of  cases,  left  anterior  hemiblock  appears 

to  be  ideopathic  in  healthy  subjects  who  appear  normal  when  subjected  to  clinical  examination. 

When  the  various  etiologies  have  been  eliminated,  the  condition  must  be  classified 
as  one  of  the  following: 

1  -  silent  coronary  artery  disease 

2  -  a  degenerative  condition,  such  as  LENEGRE  or  LEV'S  disease 

3  -  such  as  to  be  compatible  with  a  healthy  state. 


Jl 


60  cases  of  QRS  axis  deviation  are  reported  (7).  They  can  be  divided  into  two 

classes: 

1  -  Cases  in  which  a  pathological  factor  emerges  as  the  probable  or  possible  cause 
of  left  axis  deviation.  Some  of  these  pathological  factors  are  obvious,  such  as  overweight, 
moderate  hypertension,  diabetes  or  mixed  hyperlipidaemia.  In  other  cases,  none  of  these 
factors  are  detected,  but  the  QRS  axis  shifts  over  the  years,  possib)y  indicating  the 
development  of  a  chronic  disease  process. 

The  association  of  left  QRS  axis  deviation  with  a  complete  right  bundle  branch  block 
have  been  included  in  this  group.  Theoretically,  this  combination  implies  that  conduction 
into  the  ventricles  occurs  only  through  the  left  posterior  division.  Prognosis  for  this 
type  of  fascicular  block  is  subject  to  discussion. 


im  mi  ms  ms 


BIG  ...  Pierre,  51  years,  1.74  m,  70  kg. 

RBBB  with  QRS  =  10  -  12/100  sec.  and  LAH 
UNCHANGED  SINCE  1955 


According  to  FERNANDEZ  (9)  and  following  LENEGRE  and  BLONDEAU  (2),  development 
towards  complete  atrioventricular  block  takes  place  in  only  about  50%  of  cases,  the 
proportion  depending  on  the  etiology,  almost  100%  of  idiopathic  cases,  33%  of  coronary 
artery  failure  cases  and  25%  of  myocardiopathy  cases. 

Unlike  other  authors  (GUEROT,  COSTE  and  TRICOT  (11)  after  SCANLON,  PRYOR  and 
BLOUNT  (22)  think  that  development  into  complete  atrioventricular  blocks  occurs  in  only 
10  to  15%  of  cases. 

Findings  of  investigations  of  recordings  of  the  action  potentials  in  the  bundle 
of  His  by  various  authors  are  also  contradictory: 

-  NARULA  and  SAMET  (15)  found  abnormal  intra-His  conduction  (in  the 

only  remaining  His-ventricular  pathway)  in  49  out  of  68  cases  of  complete 
right  bundle  block  with  clear  left  axis  deviation; 

-  RANGANATHAN  (20)  found  the  same  situation  in  5  out  of  10  cases; 

-  GUEROT,  COSTE,  VALERE,  MOTTE  and  TRICOT  (11)  found,  however,  normal  His- 
ventricular  conduction  in  most  cases. 

We  have  noted  that  in  this  type  of  association,  left  side  delay  is  generally  of 
the  minor  type  described  by  Fernandez  . 

D  1  =  qRs  wide, 

D  3  *  rSr'  wide 

as  compared  with  right  block  "mascarading  as  left  bundle  branch  block”  reflecting  considerable 
delay  on  the  left  side  with  the  following  features: 

D  1  :  qR 

D  3  :  rS 
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CASE  N°  49 

VIL  ...  Georges,  28  years,  1.62  m,  56  kg 
Clinical  signs  =  N.A.D. 

TYPICAL  ECG  RECORDING  OF  A  M LEFT  ANTERIOR  HEMI BLOCK" 
DETECTED  IN  1968 


2  -  The  second  group  includes  healthy  subjects  all  presenting  QRS  axis  deviation. 
These  patients  are  of  normal  weight,  are  even  frequently  tall  and  thin.  In  most  cases, 
previous  records  establish  that  the  "abnormal"  appearance  of  the  electrocardiogram  was 
present  before  the  age  of  25  years  and  that  it  remained  stable  over  a  long  period  (8 
cases  extending  over  at  least  15  years). 

It  therefore  seems  reasonable  to  accept  that  as  well  as  the  familiar  positional 
variations  and  obvious  or  probable  pathological  causes,  other  left  QRS  axis  deviations 
exist  which  present  ECG  features  similar  to  left  anterior  hemiblock. 

It  is  established  that  these  features  are  "at  the  extreme  left  of  the  normal 
electrocardiogram"  and  that  "in  extreme  cases,  activation  of  the  entire  left  ventricle 

may  depend  entirely  on  the  posterior  pathways  as  in  anterior  hemiblock"  (FERNANDEZ  (9)). 

The  situation  develops  therefore  as  if  the  left  anterior  fascicle  was  functioning  to  a 
limited  extent  or  not  at  all. 

It  is  on  this  basis  that  the  authors  explain  the  isolated  and  stable  "left 
anterior  hemiblocks"  which  they  detected. 

As  LANCASTER  wisely  recommends  (12)  we  have  preferred  the  term  "left  axis 
deviation"  to  that  of  "left  anterior  hemiblock"  which  implies  a  pathological  cause  which 
remains  to  be  proved.  This  variant  ventricular  activation  is  not  exceptional  and  is 
encountered  frequently  during  medico-aeronautical  clinical  examination. 

MEDICO  -  AERONAUTICAL  CONSEQUENCES 


1  -  Of  heart  disease: 

Whatever  the  nature  and  etiology,  it  is  obvious  that  left  QRS  axis  deviation 
is  simply  a  sign  and  that  the  attitude  of  the  clinician  depends  on  the  underlying  heart 
disease . 

2  -  Of  a  complete  right  branch  bundle  block  of  the  bundle  of  His: 

Left  QRS  axis  deviation  is  a  supplementary  element  which  is  bound  to  urge  the 
clinician  to  great  prudence: 

a)  the  unsuitability  for  acceptance  as  flying  personnel  is  a  conclusion  which 
seems  likely, 

b)  if  such  abnormality  is  detected  during  a  periodic  review  check  up,  the 
clinical  expert  must  consider  two  possibilities: 
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-  the  first  involves  subjects  whose  former  ECG  record  includes  left  axis 
deviation  and  whose  QRS  axis  remains  more  or  less  the  same, present ing  a  "minor  type  of 
left  delay  "  in  FERNANDEZ'  terms.  In  our  opinion  these  cases  should  be  considered  as 
isolated  blocks  of  the  right  bundle  branch.  The  usual  prognosis  is  favourable.  Even  though 
studies  involving  endocavitary  recordings  may  sometimes  contradict  each  other, this  trad¬ 
itional  concept  can  be  retained. 

LANCASTER  (12)  investigating  37  patients  of  the  U.S.  Air  Force  presenting  a 
right  bundle  branch  block  subjected  them  to  extremely  thorough  haemodynamic  and  angiographic 
tests  and  found  that  34  of  them  were  retained  as  suitable  for  airborne  service  with  no 
restrictions.  The  subjects  merely  being  reviewed  annually. 

The  authors  adopt  virtually  the  same  approach. 

External  cardiovascular  investigations  with  a  veetocardiogram,  and  a  complete 
metabolic  assessment  are  performed.  Temporary  unsuitability  is  declared  for  a  six  month 
period.  After  this  observation  period,  in  the  absence  of  any  pathological  factors  and 
continuing  stability  of  recordings,  we  are  generally  favourable  to  the  continuing  service, 
but  with  the  exclusion  of  the  post  of  pilot  of  a  high  performance  aircraft  or  single 
pilot  function. 

Monthly  and  then  three-monthly  electrocardiographic  monitoring  is  required. 

-  the  other  possibility  concerns  subjects  whose  ECG  record  had  been  strictly 
normal  on  usual  criteria  and  in  whom  a  right  bundle  branch  block  and  left  anterior  hemi- 
block  appeared  simultaneously. 

These  cases  can  be  considered  as  bifascicular  blocks  and  prognosis  remains  in 
suspension.  Literature  data  agree  that  there  is  a  danger  of  development  into  complete  atrio¬ 
ventricular  block  in  a  high  proportion  of  cases.  In  our  opinion  unsuitability  for  flying 
personnel  posts  should  be  proposed. 

As  well  as  the  investigations  already  listed,  the  examination  should  include  an 
accurate  study  of  atrioventricular  conduction  by  means  of  recording  of  the  action 
potential  in  the  bundle  of  His.  This  risk-free  examination  has  become  commonplace  and  in¬ 
vestigates  atrioventricular  conduction  accurately  by  means  of  the  remaining  specific  tissue. 

Only  this  examination,  which  can  establish  that  left  branch  conduction  is 
satisfactory,  can  overturn  a  declaration  of  unfitness. 

A  decision  with  such  major  consequences  cannot  be  based  on  the  cont radi ctory 
data  in  the  literature  (4-5-7-9-11-12-13-15)  . 

3  -  The  elect rocardioqraphic  aspects  of  isolated  left  anterior  hemi-block 
can' "be-  divided  into  two  categories: 

a)  those  which  appear  to  be  acquired  in  subjects  previously  presenting  a  normal 
electrocardiogram 

In  this  case,  the  logical  attitude  seems  to  be  the  same  as  that  adopted 
in  cases  in  which  a  right  branch  bundle  block  develops. 
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SPA  ...  Francois,  39  years,  1.72  m,  71  kg. 
CRBBB ♦  A  QRS  left 
Stable  since  1971 
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b)  left  deviations  of  the  QRS  axis  with  or  without  the  other  criteria  advanced 
for  left  anterior  hemiblock  in  young  subjects,  detected  during  the  medical 
check  up  for  admission  to  a  post  as  flying  personnel. 

Whilst  taking  every  possible  precaution  to  ensure  the  absence  of  any 
cardiac  or  metabolic  disease  factor,  but  without  resorting  to  invasive 
methods,  which  we  hold  to  be  unnecessary  here,  we  think  that  these  are  non- 
pathological  variants  of  ventricular  activation  and  we  propose  that  such 
subjects  are  suitable  for  inclusion  as  flying  personnel. 
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SPA  ...  Albert,  34  years,  1.80  m,  92  kg. 
LAH 

Axis  unchanged  since  1958 
QRS  ENLARGEMENT 


VF- 


7  r 


1173 


1111 


IV  -  WOLFF -PARKINSON- WHITE  syndrome 

V  -  ATYPICAL  VENTRICULAR  REPOLARISATION 

Please  see  the  detailed  stu'dy  elsewhere  in  this  review. 


BIBLIOGRAPHY 


1  -  BAHL  (  O.M.P.)  |  WALSH  (T.J.)  |  MASSI8  (B)  . 

Left  axis  deviation.  An  electrocardiographic  study  with  post  aortea  correlation. 

Brit.  Heart  J.  1969,  H,  451-456 

2  -  BLOHBBAU  (H)  |  LBBBGBX  (J) 

Bloo  atypique  do  la  branohe  droits. 

Masson  et  Cls.  Paris  1970 

3  -  BBODStT  (M)  I  BILOB  (B)  |  BIBBS  (P  )  ,  KABAIIS  (Ch)  )  HOSEN  (K) 

Arrhytmias  doeuaented  by  24  hours  continuous  slsotrooardlographio  nonltorlng  In 
50  nale  Medical  Students  without  apparent  heart  disease. 

Ba.  J.  Cardiol.  39,  390,  1977. 

4  -  CLBMBMTT  (J)  I  BR0U8TIT  <J.P.)|  CB0USS1T  (A)  |  BBSS!  (P)  |  DALLOCHI  (M)  et  BBICAOD  (H). 

Btude  du  weeteur  initial  de  QB8  dans  lss  troubles  de  la  oonduetlon  lntraventrieulaire 
Arch.  Mai.  ooeur  et  vaisseaux.  1975,  M  ,  9,  1179-1192 


5  -  COUBHL  (Ph)  ,  ATTUBL  (P)  »  SLAMA  (B)  ,  BOUYBAIB  (T) 

L'enreglstreaent  dleetrooardlographlque  oontinu. 

IntdrSt  elinlqua  ,  dlagnoatlque,  et  th<rapeutique. 

Arch,  Mai.  Coeur  68,  941,  1979. 

6  -  DEL008TAL  (A) 

Mis  ds  la  vagotonia  dans  les  troubles  ds  la  conduction  oardlaque  du  personnel 
navlgant. 

Tbbse,  Paris,  1979. 


J 


\2 


7  -  DIDIEB  U)  |  CUU  (B)  . 

I**  dlffloultds  pot4ti  dans  1 'expertise  ds  paraonnal  par  la  ddriatlon  A  gauehs  da 
l'axe  da  BBS  at  aas  rapporta  areo  la  oonoapt  d'hdnibloe  antdrleur  gauche. 

ACABB,  C.P.,  2)2,  1978. 

a  -  DJIAHE  (P)  |  KU  (A)  I  BOBTM  «  8ATIB  (8)  (  MOSTEPA  (S)  at  SEBBADIMICSI  (A). 
L'enregletreaent  dlsotroeardlographiqua  ehas  laa  sujets  norma ux. 

Arch.  Mai.  Coeur.  72,  £55,  1979* 

9  -  PSBHASBEZ  (P) 

las  hdalbloos  rentrleulalres  gauehsa. 

Bam.  Prat.  1973,  22.  33,  2995-3022. 

10  -  GBAHT  (B.P.) 

Clinical  eleotrooardiography 
■am  York,  Mao  Graz  Hill,  1957. 

11  -  GOEBOT  (C)  f  COSTI  (A)  |  VALEBE  (P.I.)  ,  MOTT*  (G)  at  TB1C0T  (B). 

Enreglstreaent  da  l'activltd  dn  trono  dn  falacaau  da  Bis  at  da  aaa  branehas  dans  das 
troublas  da  conduction  intra-rantrieulairo. 

Arch.  Hal.  Coaur  -  1973,  £&,  3,  269-283. 

12  -  LAECASTSB  (M.C.)  ,  STBECHTEB  (l)  »  MASSING  (C.K.) 

Acquired  ooaplata  right  bundla  braneh  blook  without  owar  eardlao  disaasa. 

13  -  LSCLEBCQ  (J.P.)  I  COUMXL  (Ph). 

L'anragistraaant  Holtar  an  rythnologie 
Uocua .  aad.  labor.  IAHAZ  1980 

14  -  LEHECBE  (J) 

Contribution  A  l'dtuda  daa  bloaa  da  branoha  con portent  notaaaent  laa  confrontations 
dleetrlques  at  hiatologlquas. 

Paris  -  195a,  J.B.  BAILIXTHB  at  Plla 

15  -  MEDIA  (O.S.)  |  SAMBT  (P) 

Bight  bundla  branch  block  with  normal  left  or  right  axla  deviation. 

Aa.  J.  Had.  1971,  J1,  432-455 

16  -  PE&SOD  (J)  I  PBABCOZ  (F)  ,  EBBMABBC  (J)  ,  CABU  (B). 

1* Alaotrocardlograwa  du  aujtt  da  20  ana. 

Bow.  Corps  Santd  -  £  ,  2,  165-179. 

17  -  PBXOB  (B)  »  BLODET  (S.G.) 

Tha  clinical  significance  of  trua  loft  axis  dariation.  Left  intrawantrioular  blocks. 
An.  Heart  J.  -  1966,  Jg,  391* 


18  -  OSTABDHB  (L.D.  ) 

baft  axis  dariation  «  prevalence,  associated  eonditiona,  and  prognosis. 

An  apideaiologle  study. 

Ann.  Xntara.  Mad.  -  1971,  22,  23-28. 

19  -  PLA8  (P)  . 

Guide  da  Cardlologle  du  Sport. 

J.B.  Balllldrss  Editions,  Paris. 

20  -  BAHGAHATHAH  (H)  ,  DHDBAHDEAB  (B)  |  PHILLIPS  (J.H.)  I  VIGLB  (E.D.) 

Bis  bundla  alaotrocardlograa  in  bundla  branch  block. 

Circulation,  1972,  IS  ,  2,  277-294. 

21  -  BBI AMBOY  (J)  |  BBBTBAMD  (■). 

Laa  hdalbloos  da  la  brancha  gaueha  du  falacaau  ds  Bis. 

Mad  at  Andos  -  1973,  1  ,  7  ,  49-54. 

22  -  SCAILOI  (P.J.)  |  PBYOB  (B)  |  BLODBT  (S.G.) 

Bight  bundle  braneh  block  associated  with  left  superior  or  inferior  intra-rontrleu- 
lar  blook. 

Clinical  sotting  prognosis  and  relation  to  eoaplete  heart  block. 

Circulation  1970,  22  ,  1123. 

23  -  BOSBRBADM  (N.B.)  ,  EL  I ZAB I  (M.T.  )  ,  LAI  LABI  (J.O.). 

Lea  hdalbloos. 

Ed.  PI  aide  a,  196a,  Buenoa-Alras. 


CHAPTER  2 


VENTRICULAR  PRE-EXCITATION  SYNDROMES 
by  J.  Droniou* 


Ventricular  pre-excitation  (VPE)  syndromes  constitute  a  group  of  conduction 
disorder  involving  premature  activation  of  all  or  part  of  the  ventricles  by  the  normal 
sinus  node  excitation  wave.  These  syndromes  may  be  asymptomat ic,  consisting  of.  electro¬ 
cardiographic  signs,  or  may  be  complicated  by  arrhythmias  which  may  be  serious.  The 
asymptomatic  forms  are  a  source  of  problems  in  the  examination  of  flying  personnel  for 
two  reasons  s 


-  Some  electrocardiographic  abnormalities  suggestive  of  pre-excitat ion 
are  ambiguous 

-  Prognosis  is  difficult  to  establish 

I  -  /  CURRENT  CONCEPTS  OF  VPE  SYNDROMES  / 

The  VPE  syndromes  arise  from  two  essential  mechanisms.  In  some  cases  there  is 
an  accessory  conduction  pathway,  remnant  of  an  embryological  system,  which  partially  or 
totally  shortcircuits ,  or  bypasses,  the  physiological  AV  node-His  pathway  and  competes  with 
it  for  transmission  of  the  sinus  node  activation  into  the  ventricles.  In  other  cases 
there  is  no  evidence  of  any  anatomical  by  pass  and  the  pre-excitation  appears  to  originate 
in  a  purely  functional  phenomenon  of  accelerated  atrioventricular  conduction. 

The  electrocardiographic  effects  depend  on  the  topography  and  electrophysiological 
properties  of  the  accessory  pathway  when  there  is  one.  Two  types  of  abnormalities  occur 
and  these  may  not  be  associated  : 

-  shortening  of  the  P-R  interval,  reflecting  either  an  anatomical  bypass  of  the  A-T  node 
( ATN ) ,  or  else  accelerated  nodal  conduction; 

-  the  pre-excitation  delta  wave,  widening  the  QRS  wave  with  a  loss  of  its  onset  component 
and  reflecting  premature  activation  of  a  portion  of  the  ventricular  myocardium  via  the 
accessory  pathway  (AP)  within  it.  The  terminal  section  of  the  QRS  is  normal  and  corresponds 
to  activation  of  the  remainder  of  the  ventricle  via  the  A-V  node-His  pathway  (NHP),  occurring 
at  the  normal  times  {but  after  that  via  the  AP ) ,  The  QRS  complex  really  represents  a 
fusion  complex,  the  width  of  which  depends  on  the  amount  of  pre-excited  myocardium,  reflect¬ 
ed  by  the  delta  wave, 

I  -  A.  CLASSIFICATION  OF  VPE  SYNDROMES 
3  groups  can  be  distinguished: 

I  -  A.  1.  Anomalous  atrioventricular  connections 

Commonly  known  as  KENT'S  BUNDLE,  these  form  a  bridge  from  the  atrium 
to  the  homolateral  ventricle  (complete  AV-bypass).  The  AP  may  be  situated  on  the  right  or 
left  and  may  be  anterior  or  posterior,  septal  or  lateral.  The  electrocardiographic  sign  of 
its  presence  is  the  WOLFF-PARKINSON-WHITE  syndrome  (WPW). 

I  -  A.  2.  Accelerated  atrioventricular  conduction  (AAVC) 

The  electrocardiographic  sign  is  the  short  P-R  interval  described  by 
CLERC,  LEVY  and  CRISTESCO  (5)  and  later  by  LOWN,  GANONG  and  LEVINE  (14),  which  is  usually 
known  as  the  LOWN,  GANONG  and  LEVINE  syndrome. 

The  corresponding  mechanisms  are  ambiguous: 

-  anatomic  bypass  of  the  ATN  either  via  the  JAMES  atrio-nodal  fibres;  or  via  atrio- 
His  fibres  as  described  by  LEV  and  by  BRECHENMACHER. 

-  insufficient  development  of  the  ATN 

-  a  purely  functional  phenomenon  of  accelerated  nodal  conduction. 

I  -  A.  3.  VPE  of  MAHAIM  fibres 

This  type  of  VPE,  is  less  common  and  is  related  to  the  presence  of 
anomalous  AV  node-ventricular  or  His-ventricular  pathways. 
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I  -  B .  MECHANISM  OF  EPISODES  OF  TACHYCARDIA 

These  episodes  sometimes  occur  as  complications  of  the  VPE  syndromes  and  they 
obey  two  major  mechanisms: 

I  -  B.  1.  Regular  episodes  of  tachycardia  with  reciprocal  rhythm. 

The  reentrant  circuit  follows  the  AV  node-His  and  the  accessory 
pathways.  The  initiation  mechanism  is  an  extrasystole  which  may  be  of  various  origins  and 
which  finds  one  of  the  pathways  open  and  the  other  still  refractory.  This  reentry  is 
favoured  by  widely  differing  refractory  periods  of  the  two  pathways.  The  reentry  may  also 
be  intra-nodal  and  this  explains  the  possibility  of  reciprocal  tachycardia  in  the  absence 
of  any  anatomical  bypass. 

I  -  B.  2.  Episodes  of  atrial  tachycardia: 

Atrial  flutter  or  fibrillation  may  be  transmitted  to  the  ventricles 
via  the  accessory  pathway  or  via  the  AV  node-His  pathway.  The  severity  of  these  episodes 
depends  on  the  refractory  period  of  the  accessory  pathway. 

Ventricular  arrhythmias  are  generally  a  complication  of  atrial  tachycardia 
entirely  transmitted  to  the  ventricles  via  an  AP  with  short  refractory  period. 

I  -  B.  3.  Role  promoting  theft: 

The  prolonged  and  extreme  acceleration  and  Gs  met  with  in  the  flying 
of  high  performance  fighter  planes  may,  in  theory  at  least,  constitute  a  factor  promoting 
arrhythmias.  They  result  in  the  following  elements: 

1)  a  series  of  phases  of  tachycardia  and  of  bradycardia.  These 
variations  in  the  duration  of  the  nodal  cycle  and  in  the  vagal-sympathetic 
modif ications  which  underly  them  may  create  reentry  conditions  by  altering 
the  refractory  periods  of  the  two  pathways; 

2)  myocardial  hyperexcitability,  the  source  of  extrasystoles,  may  initiate 
reciprocal  tachycardia; 

3)  myocardial  hypoxia,  as  a  result  of  reduced  coronary  artery  flow,  may  promote 
the  ventricular  desynchronisation  phenomena  such  as  tachycardia  and  result 
in  ventricular  fibrillation. 

In  general,  aeronautical  stress  factors,  combined  to  a  maximum  effect  in  fighter 
planes,  result  in  sympathetic  stimulation  and  catecholamines  release  similar  to  those 
produced  by  effort,  the  usual  factor  triggering  arrhythmi®  in  VPE  syndromes. 

II  -  /  WPW  SVNPROME  7 

This  is  the  VPE  syndrome  which  has  been  studied  in  greatest  detail  and  which 
carries  the  greatest  risk  of  paroxysmal  tachycardia  (PT).  If  this  feature  is  detected 
during  the  selection  examination,  the  candidate  is  classified  as  unsuitable  for  inclusion 
in  flying  personnel.  In  fact,  some  patients  get  through  the  selection  process  because  of 
diagnostic  inadequacies . 

II  -  A.  DIAGNOSTIC  PROBLEMS  DURING  SELECTION 

These  can  be  deduced  from  the  very  variable  incidence  of  WPW  syndrome  in 
statistics  from  various  sources:  from  0.5%0  during  health  check  ups  (periodic 
examinations  in  apparently  asymptomatic  subjects)  to  3.25%c  in  some  hospital  units.  The 
studies  in  flying  personnel  reveal  an  incidence  of  between  0.99  and  3  %0  (1,3,9,16,16,19). 

The  electrocardiographic  sign  results  as  we  have  said  from  competition  between 
the  AP  and  the  Node-His  pathway.  The  outcome  depends  obviously  on  several  factors: 

-  the  refractory  periods  (RP)  of  the  two  pathways 

-  the  atrial  point  of  insertion  and  the  ventricular  point  of  emergence  of  the  AP, 

-  changes  in  the  vago-sympathet ic  tone  and  of  the  sinus  node  rhythm  which  could  change  the 
RP  and  the  speed  of  conduction  of  the  input  in  the  two  channels  in  any  way. 

This  explains  the  numerous  electrocardiographic  variants  which  exist,  some  of  which 
may  not  be  recognized. 
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II  -  A.  1.  Typical  ECG  records 

These  are  readily  diagnosed  from  the  association  of  5  criteria 
(Figure  1) 


/ 


V< 


I.  A.  :  TYPE  B  WPW 


TYPE  A  WPW 

Figure  1  -  WPW  syndrome:  typical  ECG  recordings 
1  A  :  type  B;  IB:  type  A. 


I.  B. 
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-  normal  P  waves  arising  in  the  sinus 

-  shortened  PR  interval,  or  rather  P-delta  interval,  less  than  0.12  seconds 
*  large  QRS  greater  than  0.12  seconds,  with  an  initial  delta  wave 

-  normal  PJ  interval 

-  secondary  repolarization  disturbances,  less  essential. 

The  polarity  of  the  delta  wave  and  of  the  QRS  complex  varies  depending  on  the 
AP  pathway.  Various  electrocardiographic  classif ications  can  be  suggested,  we  will  consider 
only  two: 

-  ROSENBAUM'S  classification  of  type  A  and  type  B:  Type  A  is  characterised  by  an  exclusive 
or  predominant  VI  R  wave.  This  corresponds  to  left  VPE.  Type  B,  which  corresponds  to  a 
right  VPE  is  characterised  by  predominantly  negative  QRS  complexes  on  the  right  precordials. 
In  fact  many  WPW  cases  cannot  easily  be  classified  on  this  system. 

-  a  classification  depending  on  the  polarity  of  the  delta  wave  has  been  established  on  the 
basis  of  surgical  epicardiac  mapping  data: 

.  VI  positive  delta  wave  :  left  VPE 
.  VI  negative  or  isodiphasic  delta  wave  :  right  VPE 
.  D3  negative  delta  wave  :  septal  VPE  (right  or  left) 

.  D3  positive  delta  wave  :  lateral  VPE  (right  or  left)  . 

This  is  of  course  a  very  rough  classification  but  it  is  useful  in  clinical  practice. 

Even  though  the  pathological  nature  of  the  ECG  is  obvious,  these  typical  patterns 
may  result  in  diagnostic  errors:  confusion  with  the  seguellae  of  myocardial  infarctus, 
with  right  ventricular  hypertrophy  (left  VPE)  or  with  a  left  bundle  branch  block  (right  VPE) 
are  possible. 

II  -  A.  2.  Mild  or  minor  forms: 

These  consist  of  a  QRS  complex  showing  little  or  no  enlargement,  a  slight 
delta  wave  which  may  sometirfses  be  replaced  by  the  near  disappearance  of  the  physiological 
wave  on  some  leads  (see  figure  2).  They  may  be  confused  with  a  short  PR  syndrome,  and 

even  not  detected  at  all  if  the  PR  interval  is  borderline.  Such  a  pattern  is  frequent  in  VPE 

of  the  left  lateral  Kent  bundles.  In  this  form  the  input  of  sinus  node  origin  takes 
longer  to  reach  the  left  atrial  point  of  insertion  of  the  AP  than  to  reach  the  NHP . 


Figure  2  WPW  syndrome:  minor  form 

The  diagnosis  can  be  suspected  from  the 
D2,  V5,  V6  leads. 
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II  -  A.  3.  Intermittent  forms: 

These  are  also  frequent  in  from  17%  (4)  to  over  35%  (6-15)  of 
cases  depending  on  the  authors.  In  a  statistical  study  carried  out  at  the  Centre  Principal 
d'Expertise  du  Personnel  Navigant  de  Paris,  RICHART  (16)  detected  18%  of  these  forms. 
However  the  VPE  pattern  may  sometimes  occur  on  the  same  recording  with  normal  patterns 
(see  figure  3)  but  may  be  revealed  only  occasionally,  the  ECG  being  normal  at  several 
successive  examinations. 


Figure  3  -  WPW  syndrome:  intermittent  form  -  alternation  of  normal  complexes 
with  pre-excitation  complexes. 

II  -  A.  4.  Masked  forms: 

In  these  forms  the  VPE  is  not  evident  from  the  surface  ECG.  Such 
forms  remain  undetected  and  may  be  discovered  only  when  so  n  rhythmic  disturbance  occurs. 
They  result  from  two  mechanisms: 


Figure  4  -  WPW  syndrome:  masked  form.  PR  interval  0.13  sec:  slight 
thickening  of  the  foot  of  the  R  wave  on  some  le^c’s. 
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a)  the  AP  remains  permeable  to  the  sinus  node  activation  wave  -in  the  antegrade 
direction  (atrioventricular)  but  does  not  readily  show  itself  either  because  its 
refractory  period  is  much  longer  than  that  of  the  NHP,  or  especially  in  the  case 

of  the  left  lateral  Kent  bundle,  particularly  if  there  are  also  present  intra-atrial 
conduction  problems  (Figure  4). 

b)  in  other  cases,  the  AP  is  the  site  of  a  permanent  block  in  the  anterograde  direction 
but  remains  permeable  in  the  retrograde  direction  and  may  be  involved  in  the  reentry 
circuit.  Patients  presenting  true  BOCJVERET  diseases  correspond  to  this  mechanism. 

II  -  A.  5.  Diagnosis  of  atypical  forms 

The  physiopathology  of  the  WPW  syndrome  explains  that  by  means  of 
various  external  manoeuvres  or  pharmacological  interventions  to  increase  a  mild  VPE  or  to 
reveal  an  intermittent  or  even  masked  VPE.  Such  interventions  include: 

-  vagal  manoeuvres  such  as  the  oculocardiac  reflex  which  slows  conduction  in  the  node-His 
pathway  without  affecting  the  AP  conduction: 

-  the  injection  of  methoxamine,  of  neosynephrin  or  better  still  adenosine  triphosphate 
(  adrenergic  drugs  )  ; 

-  the  effort  test,  which  results  in  sympathetic  stimulation  and  catecholamine  release  which 
may  either  increase  the  VPE  or  else  cause  it  to  disappear  if  the  refractory  period  is  long; 

-  simple  variations  in  the  heart  rate  may  sometimes  suffice  to  trigger  VPE. 

Endocavitary  electrophysiologic  exploration  is  only  carried  out  in  complicated 
cases  and  in  principle  has  no  place  in  the  clinical  examination  of  flying  personnel. 

This  reveals: 

-  a  normal  AH  interval  (atrio-His  conduction  time)  in  excess  of  60  msec. 

-  a  shortened  HV  interval  (His-ventricular  conduction  period)  of  no  more  than 

30  msec,  since  ventricular  depolarisation  begins  prematurely.  The  HV  interval 
is  shorter  the  greater  the  VPE,  at  maximum  effect,  H  may  be  hidden  in  the 
ventriculogram. 

-  atrial  stimulation  at  rising  frequency  and  the  method  of  atrial  extra  stimulus 
can  be  used  to  increase  and  reveal  mild  minor  or  masked  VPE  with  persistent 
antegrade  conduction.  Endocavitary  exploration  is  the  only  method  capable  of 
detecting  masked  forms  with  permanent  antegrade  block.  This  investigation  also 
gives  information  concerning  the  electrophysiological  properties  of  the  two 
pathways  and  the  topography  of  the  AP. 

II  -  B.  PROGNOSTIC  DIFFICULTIES  IN  REVIEW  CHECK  UPS 

Whatever  procedure  is  adopted,  WPW  syndromes  will  be  discovered  during  some 
subjects' careers .  when  episodes  of  tachycardia  are  also  present,  the  presence  of  WPW 
results  in  unfitness.  In  other  cases  the  decision  is  based  on  an  assessment  of  the 

risk  in  function  of  the  pre-excitation  in  itself  and  of  the  aeronautical  field  involved. 

II  -  B.  1.  Prognosis  of  the  WPW  syndrome 

The  detection  of  an  isolated  WPW  abnormality  in  an  experienced 
flight  officer  does  not  necessarily  have  a  negative  significance.  The  frequency  of 
arrhythmias  which  varies  between  4.34  and  904  depending  on  the  source  of  the  statistics 
(7),  is  less  than  154  in  flying  personnel  (3-16-18-19).  Furthermore,  the  statistics  from 
aeronautical  sources  and  involving  a  follow  up  over  several  years  indicate  a  low  incidence 
of  episodes  of  tachycardia  (3-19)  and  zero  mortality  directly  attributable  to  WPW  syndrome 
(19).  Finally  it  should  be  noted  that  in  most  groups  studied  (6-8-10)  the  episodes  began 
before  the  age  of  30  years  in  between  70  and  824  of  cases. 

The  optimistic  outlook  which  would  seem  to  result  from  these  aeronautical  studies 
should  however  be  tempered  somewhat.  A  diagnosis  based  on  the  interview  is  always  dubious 
when  it  comes  to  an  expert  clinical  examination  and  it  is  probable  that  some  subjects  who 
have  had  occasional  episodes  of  mild  and  shortlived  tachycardia  still  continue  to  fly. 
Furthermore  statistically  20  to  304  of  patients  do  present  their  first  attacks  of 
tachycardia  after  the  age  of  30. 

The  WPW  syndrome  is  also  combined  in  20  to  30%  of  cases  with  congenital  or 
acquired  cardiographic  abnormalities,  two  of  which  should  be  considered  since  they  promote 
rhythm  disturbances  and  may  pass  unrecognized.  Primitive  myocardiopathies, especially 
obstructive  hypertrophic  myocardiopathy, may  result  in  a  false  appearance  of  pre¬ 
excitation  or  be  associated  with  an  authentic  VPE. 

Mitral  valve  ballooning  may  also  accompany  WPW  syndrome,  generally  of  type  A, 
in  754  of  cases  according  to  data  from  some  studies  (7).  Knowledge  of  the  possibility  of 
these  two  associations  justifies  systematic  echocardiography  in  any  flying  personnel  staff 
members  presenting  WPW  syndrome. 

Finally  and  above  all,  it  should  be  remembered  that  the  first  episode  of 
tachycardia,  even  if  it  occurs  late,  may  be  serious  from  the  outset  and  even  result  in 

sudden  death. 

Very  mild  episodes  of  paroxysmal  tachycardia  may  sometimes  be  accompanied  by 
functional  symptoms  which  may  disturb  consciousness:  lipothymic  states  or  brief  syncopes. 
Such  incidents  are  sometimes  found  in  the  case  history  of  subjects  presenting  WPW  syndromes 
but  who  do  not  report  episodes  of  tachycardia. 


The  major  danger  is  that  of  episodes  of  atrial  tachycardia,  flutter  or 
particularly  atrial  fibrillation  ( AF )  . 

According  to  hospital  statistics  AF  occurs  in  between  11.5  and  39%  of  WPW 
cases  (7),  this  figure  may  be  somewhat  over-estimated  because  of  the  selection  of  subjects. 
In  particular,  AF  may  definitely  occur  in  young  subjects  with  a  healthy  heart  in  whom  the 
AP  is  the  only  factor  promoting  its  onset.  If  the  AP  has  a  very  short  refractory  period 
the  AF  may  also  be  fully  transmitted  to  the  ventricles  and  thus  produce  MALIGNANT  ATRIAL 
FIBRILLATION  with  high  ventricular  frequency  (figure  5)  which  is  always  poorly  tolerated 
and  carries  a  constant  risk  of  sudden  death  by  transformation  into  ventricular  fibrillation 
(  7)  . 


Figure  5  -  Episode  of  tachyarrhythmias  due  to  atrial  fibrillation 
(same  patient  as  figure  4) 

An  accident  of  this  type  may  be  the  first  and  last  in  a  hitherto  asymptomatic 
subject  presenting  a  typical,  intermittent ,  mild  or  masked  VPE.  Sudden  death  in  the  WPW 
syndrome  results  from  such  episodes.  The  risk  is  evaluated  by  LEPESHKIN  (11)  at  1%, 
a  figure  that  LAHAM  (10)  considers  too  high,  but  other  authors  give  still  higher  figures. 
It  is  in  any  case  unpredictable  . 

II  -  B.  2.  Assessment  of  the  risk 

In  practice  how  can  we  detect  the  high  risk  subjects  amongst  those 
presenting  WPW  syndrome,  who  are  particularly  exposed  to  arrhythmias  and  especially  severe 
arrhythmias?  Age,  the  absence  of  any  associated  heart  disease,  the  appearance  of  the 
recording  which  may  be  typical,  atypical  or  masked,  and  the  absence  of  any  past  history 
of  arrhythmias  do  not  constitute  solid  prognostic  arguments  (7). 

Only  endocavitary  electrophysiological  exploration  is  able  to  provide  definite 
evidence  by  establishing  the  refractory  periods  of  the  two  pathways  and  by  demonstrating 
a  short  refractory  period  of  the  AP  and  the  hyperexcitabil ity  of  the  myocardium  resul t ing 
in  easy  triggering  of  paroxysmal  arrhythmias  of  various  types  and  es pec ial ly  of  AF,  is 
really  decisive.  And  even  this  exploration  is  not  absolutely  decisive  since  it  provides 
only  an  instantaneous  picture  of  the  e lectrophysiological  conditions  which  may  vary  with 
time  under  the  influence  of  various  factors. 

Some  non-invasive  examinations  can  provide  useful  prognostic  indications: 

1)  Echocardiography  can  reveal  any  abnormalities  in  the  movement  of  the  septal 
and  posterior  walls  of  the  left  ventricle  which  vary  in  function  of  the 
form  of  VPE  and  are  of  particular  use  in  detecting  any  possible  associated 
heart  disease . 

2)  The  24-hour  monitoring  of  the  electrocardiogram  may  detect  hyperexcitability 
of  the  myocardium  in  the  form  of  frequent  extrasystoles  or  even  brief 
episodes  of  tachycardia. 

3)  The  exercise  test  may  sometimes  induce  an  episode  of  tachycardia  (4-12). 

The  persistence  of  the  VPE  at  high  frequencies  accompanying  maximum  effort  is 
particularly  indicative  of  a  short  refractory  period  AP  whereas  a  disappearance 
of  the  VPE  suggests  a  long  RP,  a  positive  prognostic  factor  (figure  6). 
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Figure  6  -  effort  test 

A  -  base  line 

B  -  submaximum  effort  recording 
Narrowing  of  QRS  complexes 

Key:  repos  =  rest 


4)  Specific  aeronautical  tests  may  be  employed: 

use  of  a  depression  caisson  with  hypoxia  (19),  exposure  to  acceleration 
+  Gz  in  the  centrifuge  in  order  to  investigate  the  reaction  of  patients  in  a 
situation  as  near  as  possible  to  actual  conditions 

II  -  B.  3.  Practical  approach 

a)  to  selection: 

The  mere  presence  of  the  WPW  syndrome  results  in  disbarring  of  the  candidate.  Some  minor 
forms  should  not  be  overlooked.  These  may  take  the  form  of  a  short  PR  interval  or  a 
barely  detectable  delta  wave  with  a  PR  at  the  limit  of  normality.  Routine  performance  of 
the  oculocardiac  reflex,  a  simple,  rapid  and  hasard  free  procedure,  clarifies  some 
unc lear  forms .  However,  it  is  certain  that  some  mi Id, intermi t tent  or  masked  forms  of 
WPW  do  get  through  the  selection  filter. 

b)  to  review  check  up; 

Any  suspicion  of  paroxysmal  episodes  disbar  the  candidate.  For  asymptomatic  subjects,  in 
the  light  of  the  present  impossibility  of  any  certitude  of  prognosis,  we  recommend  the 
following  attitude: 

1)  Disbarring  from  the  role  of  pilot  in  high  performance  fighter  planes 
because  of  the  high  risk  factors  this  entails. 

2)  Fitness  for  pilot  roles  in  transport  and  liaison  aircraft, 

and  helicopters,  on  condition  that  there  is  a  co-pilot  and  that 

the  electrocardiogram,  24-hour  electrocardiographic  monitoring  and  exercise 
test  are  all  normal. 
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The  authors  believe  that  an  endocavitary  eiectrophysiological  exploration 

may  be  justified.  The  detection  of  myocardial  hyperexc 1 t abi 1 1 t y ,  especially 
if  the  refractory  period  of  the  AP  is  short,  would  entail  disbarring  from  any 
pilot  role. 

3)  For  other  flying  personnel  categories,  the  only  essential  critei  on  is  the 
absence  of  episodes  of  paroxysmal  tachycardia. 


Ill  -  /  SHORT  PR  INTERVAL"  SYNDROME  / 

This  is  reflected  by  a  PR  interval  of  less  than  0.12  seconds  and  a  narrow  QRS 
without  any  delta  wave.  The  detection  of  such  abnormalities  poses  various  questions  which 
are  far  from  being  answered: 

.  concerning  their  frequency 
.  concerning  their  significance 
.  concerning  the  increasing  risk 

We  will  consider  these  three  aspects  in  turn. 


Ill  -  A.  FREQUENCY 

This  syndrome  is  more  frequent  than  the  WPW  syndrome.  SEARS  and  MANNING  (18) 
found  a  frequency  of  1.5%  in  subjects  aged  18  to  24  years.  LOMBARDI  and  MASINI  (13)  found 
a  frequency  of  0.89%  in  4320  ECG  recordings  of  hospitalised  patients.  The  Paris  CPEMPN 
detected  this  abnormality  in  2%  of  the  subjects  examined  (according  to  CARRE). 


Ill  -  B.  SIGNIFICANCE 


This  feature  is  not  unambiguous. 

1)  Some  short  PR  intervals  correspond  to  minor  WPW  syndromes.  Attention  should 
be  paid  to  a  slight  thickening  of  the  foot  of  the  QRS,  and  the  disappearance 
of  the  physiological  Q- wave  on  some  leads.  Vagal  manoeuvres  and  on  occasions 
exercise  tests  may  reveal  the  existence  of  a  Kent  bundle. 

2)  Other  short  PR  interval  syndromes  reflect  ACCELERATED  ATRIOVENTRICULAR 
CONDUCTION  which  can  be  established  or  eliminated  only  by  endocavitary 
elect rophysiological  exploration  revealing  the  following  features: 

-  an  AH  interval  of  less  than  60  msec 

-  a  normal  HV  interval 

-  and,  during  atrial  stimulation  at  progressively  increasing  frequencies 

up  to  200  per  minute,  the  persistence  of  1/1  atrioventricular  conduction 
with  little  or  no  change  in  the  AH  intervals  up  to  these  high  frequencies. 
Several  features  of  varying  significance  may  be  masked  by  this  electro- 
physiological  syndrome:  accessory  atrio-His  or  atrio-nodal  pathways, 
insufficient  development  of  the  ATN  or  purely  functional  phenomena. 

3)  In  some  subjects  presenting  short  PR,  there  is  no  pre-excitation  and  findings 
of  the  eiectrophysiological  exploration  are  normal  (17). 

It  is  reasonable  to  suppose  that  patients  in  the  third  group  are  no  more  liable 
to  arrhythmias  than  the  normal  population.  Unfortunately  the  absence  of  routine  endo¬ 
cavitary  elect rophysiological  exploration  makes  it  impossible  to  determine  the  relative 
proportions  of  these  three  categories  of  short  PR  syndromes. 

Ill  -  C.  INCREASING  RISK 

Episodes  of  tachycardia  are  less  frequent  than  in  WPW  syndrome,  cf  the  order 

of  11.5%  to  14%  of  cases  in  the  studies  of  LOWN,  GANONG  and  LEVINE  (14),  of  L0f!BA»'DI  and 
MASSINI  (13)  and  of  CLERC  (5).  The  subjects  investigated  by  SERGE  and  MANNING  (18)  did  not 
include  any  case.  This  lower  incidence  can  doubtless  be  attributed  in  part  to  the  inclusion 
of  a  group  of  subjects  without  VPE . 

Arrhythmic  episodes  are  of  various  types  and  some  are  potentially  serious: 
accelerated  atrioventricular  conduction  seems  to  be  the  essential  factor  for  severity, 
explaining  the  frequently  high  heart  rate  during  reciprocal  tachycardia  and  atrial  tachy¬ 
cardia.  According  to  BENDITT  (2),  this  also  explains  the  serious  ventricular  arrhythmias 
which  are  sometimes  noted.  These  may  be  tachyarrhythmias  or  ventricular  fibrillations  : 

-  either  due  to  rapid  transmission  of  atrial  fibrillation  to  the  ventricles 

-  or  through  the  in*  '•rmediary  of  an  atrial  extrasystole  rapidly  transmitted 
to  the  ventricles  and  finding  them  in  a  vulnerable  state. 

There  is  a  risk  of  sudden  death:  LOWN  GANONG  and  LEVINE  (14)  reported  two 
cases  in  patients  exposed  to  episodes  of  atrial  fibrillation. 
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III  -  D.  PROBLEMS  ENCOUNTERED  IN  THE  EXPERT  MEDICAL  REPORT 

The  facts  explain  the  problems  encountered  in  the  expert  report  on  short  PR 
syndromes,  and  on  which  there  is  no  consensus. 

1 )  At  selection 

Two  attitudes  are  possible: 

-  either  the  elimination  of  all  subjects  presenting  short  PR  syndrome;  this 
amounts  to  the  rejection  of  1  or  2%  of  candidates , some  of  whom  are  healthy 
subjects ; 

-  oi  the  elimination  of  only  subjects  with  paroxysmal  tachycardia,  with  the 
attendant  risk  of  failing  to  recognize  mild  WPW  or  of  allowing  subjects 
with  accelerated  atrioventricular  conduction  and  exposed  to  the  risk  of 
possibly  serious  arrhythmias  to  embark  on  a  career  in  aeronautics. 

The  impossibility  of  certitude  of  prognosis  without  recourse  to  endocavitary 
exploration  should  result  in  the  same  severe  attitude  to  clearly  defined  short  PR  as  to 
WPW . 


2 )  Review  examinations 


The  suspicion  of  episodes  of  tachycardia  does  of  course  result  in  disbarring. 
The  discovery  of  an  isolated  PR  in  the  pilot  of  a  high  performance  fighter  plane  should,  in 
our  opinion,  if  the  echocardiographic  recording,  the  Holter  monitoring  and  exercise  test 
give  normal  results,  lead  to  an  endocavitary  electrophysiological  exploration  and  to 
aeronautical  stress  tests.  If  the  subject's  reactions  are  normal  and  if  the  endocavitary 
exploration  demonstrates  the  absence  of  accelerated  atrioventricular  conduction,  the 
subject  can  be  passed  as  suitable  and  the  performance  of  an  invasive  test  during  an 
expert  report  is  justified. 

For  other  personnel  categories,  the  same  approach  should  be  adopted  as  to  WPW. 


IV  -  /  VPE  INVOLVING  MAH AIM  FIBRES/ 

This  is  detected  in  the  surface  ECG  from  the  following  features: 

-  a  PR  of  more  than  0.12  seconds,  showing  that  the  AP  arises  above  the  ATN ; 

-  a  QRS  complex  extended  by  a  delta  wave,  resulting  from  the  ventricular 
insertion  of  the  AP  (the  VPE  is  generally  mild). 

This  type  of  VPE  is  very  rare,  but  it  is  possible  that  some  cases  are  unrecognized. 
It  carries  less  risk  of  arrhythmias  than  the  other  two  forms  but  may,  in  a  few  cases, 
promote  reentrant  ventricular  arrhythmias.  Diagnosis  is  confirmed  by  endocavitary 
exploration  revealing: 

-  a  normal  AH  interval 

-  a  short  HV  interval 

-  the  response  to  atrial  stimulation  depending  on  the  type  of  fibres  involved. 

In  any  case,  the  attitude  adopted  at  selection  can  be  the  same  as  for  other  VPE 
syndromes.  At  review  check  ups  in  subjects  who  are  generally  asymptomatic,  the  suitability 
for  pilot  clearance  can  be  maintained  except  in  the  case  of  pilots  of  high  performance 
aircraft,  who  must  be  disbarred. 
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CHAPTER  3 

THE  EXERCISE  ELECTROCARDIOGRAM 
by  G.  Leguay*  and  A.  Seigneuric* 


PART  ONE 

-  PHYSIOLOGICAL  BASES  OF  THE  EXERCISE  ECG 

The  physical  fitness  of  an  individual  depends  in  the  first  instance  on  his/her 
ability  to  use  oxygen (22). 

I  -  MUSCULAR  CONTRACTION 


i 


Muscular  contraction  results  from  the  conversion  of  energy  into  mechanical 

energy. 

It  requires  the  presence  of  the  following: 

-  energy-providing  substrates 

-  enzyme  substrates 
-•  oxygen 

The  energy-providing  substrates  are  the  carbohydrates  and  the  lipids. 

The  source  of  energy  is  ATF  ( adenosine-triphosphate ) . 

The  ATP  stores  in  the  muscle  are  low  and  if  muscular  activity  is  prolonged,  ATP  is 
replenished  from  muscle  glycogen,  blood  glucose  and  even  from  lipids  (fatty  acids). 

All  these  reactions  require  the  consumption  of  oxygen  (aerobiosis )  and  result 
in  the  formation  of  pyruvic  acid. 

If  intense  muscular  activity  is  prolonged,  ATP  is  produced  by  anaerobiosis  from 
pyruvic  acid,  which  is  converted  into  lactic  acid.  This  produces  the  sensation  of 
tiredness  which  forces  halting  of  the  exercise. 


II  -  MAXIMAL  OXYGEN  CONSUMPTION  (VC>2  max) 

The  principal  factor  determining  an  individual's  physical  fitness  is  his/her 
capacity  to  use  Oxygen. 

A  subject  with  a  high  ability  to  use  oxygen  in  the  muscles  is  able  to  meet  intense 
and  prolonged  energy  requirements  and  hence  prolonged  and  intense  exercise. 

Oxygen  consumption  (VO-,)  is  expressed  as  litres  per  minute  (1/mn)  or  as  milli¬ 
metres  per  kilogram  per  minute  (ml/kg/mn).  The  second  form  makes  it  possible  to  compare 
the  performance  of  subjects  with  different  body  weights. 

The  V02  at  rest  is  of  the  order  of  250  ml/mn. 

The  V02  rises  in  proportion  to  increased  work  done  (see  figure  1). 

The  V02  determined  during  the  sixth  minute  of  dynamic  exercise  involving 
work  W  is  directly  proportional  to  the  work  done. 

For  maximal  work  =  W  max.,  maximal  oxygen  consumption  =  V02  max,  or  aerobic 
capacity  is  reached . 
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FIGURE  1 

Changes  in  oxygen  consumption  V02  in  function  of  the  work  W  during 
exercise  (after  ECLACHE  and  BEAURY  (12). 


For  any  exertion  exceeding  W 
muscle  works  under  anaerobic  conditions 
of  lactic  acid  in  the  blood  (figure  2), 


max,  and  so  in  excess  of  the  aerobic  capacity,  the 
and  this  is  reflected  by  a  sudden  rise  in  the  level 
which  triggers  exhaustion. 


Blood  Lactic  Acid 


Maximum 
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FIGURE  2 

Diagram  showing  the  rise  of  blood  lactic  acid  during  exertion  involving 
increasing  work  output. 

-  Expressed  in  nl/mn.,  the  VC>2  max.  may  reach  4,000  or  even  5,000.  FENN  obtained 
a  value  of  5,350  nl/mn  (16). 

-  Expressed  as  ml/kg/mn  it  ranges  from  40  to  85. 

-  The  values  vary  in  function  of  several  factors  (30). 

.  Age,  V02  max.  peaks  at  15  to  20  years  and  then  tails  off. 

By  60  years  it  has  fallen  by  one  third. 

.  Sex.  VO 2  max.  is  lower  in  women  because  they  have  lower  muscle  mass  and 
the  level  of  haemoglobin  is  also  lower. 

.  Type  of  exercise.  V02  max.  may  be  up  to  30%  higher  during  muscular 
exertion  of  the  legs  ^than  that  of  the  arms. 

.  Exercise  tiaining.  V02  max.  falls  by  25%  after  three  weeks  bed  rest. 

The  determination  of  the  exertion  V02  max.  of  an  individual  is  the  best  index 
of  work  capacity  and  physical  fitness. 

The  VO.  max.  is  the  upper  limit,  of  the  capacity  for  adaptation  of  the  mechanisms 
responsible  for  tno  supply,  transport  and  use  of  oxygen  (12). 
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The  use  of  oxygen  by  muscle  tissue  requires  previous  binding  to  haemoglobin  in 
the  lungs  and  transport  in  the  circulation  to  the  tissue. 


Ill  -  EXCHANGES  IN  THE  LUNG 

In  disease -free  conditions,  exchanges  within  the  lung  are  never  a  limiting 
factor  for  oxygen  consumption  or  for  exertion  (28-31-32). 


IV  -  CIRCULATORY  ADAPTATION  TO  EXERCISE 

The  transport  of  oxygen  from  lungs  to  muscle  and  the  removal  of  metabolites 
by  the  blood  stream  require  the  calling  into  play  of  cardiovascular  adaptations  which  are 
shown  in  the  diagram  below  (figure  3).  The  essential  features  are  cardiac  output  and 
arteriovenous  oxygen  difference. 


* 
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FIGURE  3 

Cardio-circulatory  factors  determining  oxygen  utilisation  capacity 

(aerobic  capacity)  after  R.  HENANE  et  al  (22).  r. 
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Cardiovascular  factors  govern  transport  and  distribution  of  0^  and  hence  the 

70 max. 

This  leads  to  two  basic  concepts: 

A)  To  a  largo  extent,  it  is  the  cardi ovascu 1 ar  system  which  determines  the  degree  of 
physical  fitness.  Reduction  of  the  capacity  for  cardi ovascu 1 ar  adaptation  to 
exercise  would  inevitably  be  a  limiting  factor  in  the  consumption  of  oxygen. 

B)  Indirect  determination  of  the  702max,the  best  index  of  physical  fitness,  can  be  based 
satisfactorily  only  on  tests  which  establish  a  definite  relationship  between  the  70^ 
max  and  cardiovascular  parameters. 

Vie  should  therefore  consider  changes  of  these  parameters  in  function  of 

exercise . 


1 .  CARDIAC  OUTPUT 

The  cardiac  output,  Qc  is  equal  to  the  product  of  the  systolic  stroke  volume  multiplied 
by  the  heart  rate  per  unit  time. 

Qc  =  SV  x  HR 

The  resting  cardiac  output  of  the  healthy  adult  is  between  5  and  7  1/mn. 

During  exercise  it  may  reach  42  1/mn  (14),  i.e.  6  to  7  times  the  resting  value. 

The  increase  in  cardiac  output  results  from  increases  in  both  its  components: 

-  systolic  stroke  volume 

-  heart  rate 

~  Systolic  stroke  volume  ( SV ) 

7110  systolic  stroke  volume  at  rest  of  the  healthy  adult  is  of  the  order  of  60  to  80  .r.l . 

During  exercise  it  may  reach  212  ml  (14),  i.e.  about  3  times  its  initial  value. 

It  would  seem  that  the  rise  in  SV  is  not  a  determining  factor  for  the  rise  in 
cardiac  output. 

The  SV  depends  on  the  subject's  position,  being  maximal  in  the  dorsal  decubitus 
position  and  falls  when  the  subject  is  upright. 

During  exorcise,  the  SV  is  virtually  unchanged  in  decubitus  but  nay  rise  by  up  to 
40%  of  its  initial  value  in  the  upright  position. 

The  increase  in  VS  depends  on  the  extent  of  energy  output,  assessed  from  the  70^ 
max.  Up  to  40%  of  70^  max.,  VS  increases  linearly  but  thereafter  (40  -  100%  of 

70^  max  )  it  remains  stable  (figure  4). 

VS  is  higher  in  athletic  subjects. 

Increased  VS  may  occur  by  two  mechanisms  which  are  in  fact  associated: 

-  diastolic  distension,  which  increases  the  stroke  ejection  volume 
(  diastolic  volume) 

-  increased  contractile  force  (  systolic  volume). 

The  force  of  systolic  ejection  is  proportional  to  the  diastolic  distension  of  the 
myocardial  fibre  (FRANCK  and  STARLING'S  Law). 

-  Heart _r ate  l UR) 

This  increases  with  exercise  and  in  a  quasi -linear  manner  with  oxygon  consumption 
(1,17)  as  can  be  seen  from  figure  4. 

The  maxinum  heart  rate  (HR  max.)  is  reached  with  70.,  max.,  v/hich  is  near  to 
the  stage  of  exhaust  ion  and  d i scent i nuai  ion  of  the  exertion  (22). 


90  SV  max . 


?0  4C  70  80  '00  V0?  max. 


Changes  of  systolic  stroke  volume  (SV)  and  of  heart  rate  (HR)  in  function  of 
oxygen  consumption  (V0~)  expressed  as  the  percentage  of  V02  max.  (after  ASTRAND  and 
RODALL  (1)).  It  can  Be  seen  that  above  40%  of  V02*  only  the  HR  contributes  to  the  rise 
in  cardiac  output.  QC  =  SV  x  HR.  z 

The  maximal  heart  rate  during  exercise  (HR  max)  is  fairly  constant  in  a 
population  of  any  given  age.  It  can  in  practice  be  expressed  as  the  equation  below  (12, 
10  ): 


=  200  -  age  (expressed  in  years)  : 


It  has  been  shown  that  an  HR  of  130  is  equivalent  to  50%  of  the  Vo  max. (17-34) 
This  is  higher  in  the  subject  who  has  undergone  training  than  in  the  untrained  subject. 

( f igure  5 ) . 

In  practice,  for  any  given  work  W ,  the  HR  is  lower  in  trained  subjects.  This 
results  from  their  greater  ability  to  consume  oxygen  in  the  muscles,  i.e.  their  greater 
physical  fitness. 

Summary 

The  increase  in  cardiac  output  ( Qc )  with  exertion  is  more  closely  related  to  HR 
.than  to  SV,  which  is  significantly  involved  only  in  effort  in  the  upright  position. 

Figure  6  (like  figure  4)  indicates  the  involvement  of  SV  and  HR  in  the  rise  of 
cardiac  output  during  exercise . 


FIGURE  5 

Changes  in  the  heart  rate  in  function  of  the  70-  in  an  untrained  subject  <x) 
and  in  a  trained  subject  (  ^  )  after  HENANE  et  al.  (22). 

The  oxygen  consumption  capacity  is  higher  in  the  trained  subject  than  the 

untrained  subject . 


,c .  l/nn. 


FIGURE  6 

Increase  in  the  cardiac  output  (Qc)  in  function  of  the  V02  after  nena.NF  et  a). 

Cardiac  output  increases  linearly  to  about  40  1/min  70  5  and  then  less 

steeply  because  of  the  plateauing  of  the  SV  (Cf  figure  4).  1 

2 .  ARTERIOVENOUS  OXYGEN  DIFFERENCE 

The  transport  of  oxygenated  blood  *q  the  muscles  is  of  value  only  if  the  muscles 
are  able  to  extract  oxygen  from  it. 

The  diffusion  of  oxygen  from  the  capillaries  into  the  muscle  tissue  occurs  along 
two  concentration  gradients: 
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-  the  longitudinal  concentration  gradient  along  the  length 
of  the  capillaries  from  the  arteriole  to  the  venule; 

-  the  transverse  concentration  gradient  away  from  the 
capillary  across  the  surrounding  tissue. 

If  the  partial  pressure  of  oxygen  ( Pp02  )  falls,  then  diffusion  is  reduced, 
THEWS  has  defined  a  zone  of  hypo-oxygenat ion  corresponding  to  capillary  Pp02  values  too 
low  to  allow  diffusion  to  take  place  and  in  which  the  tissues  are  consequently  no  longer 
oxygenated  (35).  This  hypo-oxygenated  zone  is  produced  if  the  capillary  Pp02  falls  to 
1 7  mm  Hg . 


During  exercise,  the  blood  mass  is  redistributed  into  the  muscles  and  extraction 
of  Oy  is  increased  from  the  muscle  capillaries.  The  venous  oxygen  is  considerably  reduced 
and  tissues  near  the  venous  pole  of  the  capillary  are  in  a  hypo-oxygenated  zone  (22). 

The  concentration  of  O2  in  arterial  blood  is  20ml/120ml  and  that  of  venous 
blood  is  5ml/ 100ml.  The  arteriovenous  difference  is  equivalent  to  the  amount  of  oxygen 

extracted  by  the  active  tissues. 

Very  highly  trained  subjects  have  a  much  greater  supply  of  active  capillaries  in 
the  muscle  (400  capillaries  per  mm2,  i.e.  virtually  one  capillary  per  fibre)  than  untrained 
subjects . 


In  the  trained  subject,  the  arterio-venous  difference  during  exercise  ranges 
between  15  and  18  ml  of  0_  per  100  ml  of  blood,  whereas  in  the  untrained  subject  it  is 
only  6  to  13  ml.  This  improved  extraction  of  oxygen  by  the  muscles  allows  the  trained 
subject  to  attain  a  higher  V02  max  .  than  the  untrained  individual  and  for  exercise  of  a 
given  work  output,  W  to  attain  it  with  less  cardiac  work. 


TO  CONCLUDE 


Muscular  exertion  can  occur  only  by  means  of  increased  oxygen  consumption  V02 . 

This  is  made  possible  by  the  mobilisation  of  the  "circulatory  reserve"  which 
consists  of  : 

-  an  increase  in  cardiac  output  or  cardiac  reserve 

-  an  increase  in  the  venous  extraction,  expressed 
as  the  arterio-venous  difference  (see  figure  7). 


FIGURE  7 


12  blood  (ml/100) 
Artery  -«20  - 


15 


Rest 

CIRCULATORY 

RESERVE 

Venous  oxygen  reserve 

’  Cardiac  output  (1/rnn) 


Diagram  showing  the  circulatory  reserve 
after  HENANE  et  al.  (22). 


The  cardiac  reserve,  assimilated  to  the  cardiac  output  reserve  predominates. 
It  is  more  dependent  on  the  increase  in  the  heart  rate  than  on  that  of  the  systolic 
stroke  volume. 

The  V02  max.  is  then  largely  dependent  on  the  heart's  ability  to  adapt  to 

exercise. 
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V  -  CARDIAC  ADAPTATION  TO  EXERCISE 

1.  CARDIAC  WORK  AND  MYOCARDIAL  OXYGEN  CONSUMPTION 

_ - 

The  heart  is  a  xuprlo  with  a  specific  consumption  of  oxygen  (MVO^'  which 
increases  wiM.  ('xonnso. 

The-  myocardium,  which  works  continually,  supplies  energy  during  systole 

and  H’l’ij'H  ,it«\s  energy  during  iiaMole. 

The  train  !.r'r.i«  invoiced  :n  myocardial  oxygon  consumption  are  shown  below 

ir.  t  :guio  8:  Z 


I NTRA-MYOCARD I AL  PRESSURE 


FIGURE  8 


The  main  factors  involved  in  myocardial  oxygen  consumption 

-  heart  rate 

-  intra-myocardial  pressure 

The  intra-myocardial  pressure  is,  itself  influenced  by  two  factors 

-  the  systolic  mtra-ventricular  pressure  (in  practice  determined 
from  the  systolic  arterial  pressure  (B.P.  ) 

-  the  ventricular  volume  (or,  what  comes  to  the  same  thing  in 
practice,  the  ventricular  radius). 


Other  important  factors  involved  in  the  Mtf02  are: 

-  the  duration  of  systolic  ejection 

-  the  contractility 
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In  practice,  the  most  important  factors  are  as  follows: 

-  heart  rate  (HR)  and  systolic  arterial  pressure  (BP); 

-  the  HR  x  BP  product  is  a  good  reflexion  of  cardiac  work  and  M^O-  (20-29)  . 
(Translator's  note  :  this  product  is  often  replaced  by  ST.T  (Systolic  time 

x  tension)  by  British  and  American  authors).  This  is  both  the  most 
reliable  criterion  and  the  one  most  widely  used  even  though  it  does  not 
take  into  account  any  of  the  other  factors  governing  the  MV02. 

This  is  true  for  the  subject  with  coronary  artery  disease  and  for  the  healthy 
subject . 

For  a  given  patient,  an  attack  of  angina  generally  occurs  at  the  same  value  of 
the  HR  x  BP  product.  This  value  directly  expresses  the  maximum  myocardial  oxygen 
consumption  (  Mtf02  max*  ) 


The  concept  of  circulatory  reserve,  the  supplementary  amount  of  oxygen  which 
the  blood  is  capable  of  supplying  to  the  tissues,  can  be  applied  as  already  described  to 
the  myocardium  (  See  figure  7). 

The  CORONARY  RESERVE  is  equal  to  the  product  of  the  coronary  flow  multiplied 
by  the  myocardial  arterio-venous  difference. 

-  The  arterio-venous  difference,  index  of  the  myocardial  extraction  of  oxygen, 
is  very  great  even  in  the  resting  subject.  The  coronary  venous  blood  contains  only  3.9 
to  6.9  ml  of  02  per  100  ml  of  blood. 

During  exercise,  the  myocardial  extraction  of  oxygen,  which  is  already  very  high, 
increases  only  very  slightly. 

-  An  increase  in  coronary  flow  is  then  the  only  way  of  increasing  myocardial 
oxygenation.  In  practice  then  the  coronary  flow  accounts  for  the  coronary  reserve. 

vr  -  CONCLUSIONS 


Physical  fitness,  or  the  capacity  for  exercise,  is  related  to  the  capacity  of 
the  muscles  to  use  oxygen. 

Maximal  oxygen  consumption  (V02)  or  aerobic  capacity  is  therefore  the  best  overall 
index  of  physical  fitness. 

This  is  related  to  the  circulatory  reserve  which  in  turn  involves  two  essential 

factors : 

-  the  transport  of  oxygen  to  the  muscles  is  virtually  the  same  as  the 
cardiac  output,* 

-  the  capacity  of  the  muscle  to  extract  oxygen  from  the  blood,  as 
indicated  by  the  arteriovenous  difference.  Training  promotes  this 
extraction  by  developing  the  capillary  network  of  the  muscles. 

The  increase  in  cardiac  output,  or  cardiac  reserve,  is  more  closely  related  to 
the  increase  in  the  heart  rate  rather  than  that  in  systolic  stroke  volume. 

There  is  a  maximal  heart  rate  given  by  the  equation  220  -  the  age  (in  years) 
which  corresponds  to  the  *70  2  max. 

The  rise  in  cardiac  output  increases  the  cardiac  work  and  oxygen  consumption. 
These  can  conveniently  be  assessed  by  an  indirect  and  rather  rough  method  from  the  product: 

-  Heart  rate  x  systolic  arterial  pressure. 

Increase  in  cardiac  work  is  made  possible  only  if  the  supply  of  0~  to  the 
myocardium  is  sufficient.  The  potential  for  increased  myocardial  oxygenation  is 

dependent  on  the  coronary  reserve  which,  in  practice,  is  related  to  increased  coronary 
flow,  since  02  extraction  by  the  myocardium  is  very  high  even  at  rest. 

On  this  basis,  two  types  of  exercise-test  have  been  devised  involving  the 
determination  of  cardiovascular  parameters. 

1.  Exercise  tests  suitable  for  the  assessment  of  physical  fitness  and 
in  monitoring  trainees. 

2.  Exercise  tests  for  diagnostic  purposes,  intended  to  detect  or  evaluate 
disease  conditions,  particularly  coronary  failure. 


.u 


PaR  t  two 

1 ND I CAT I ON S  AND  CONTRA I ND 1 C AT  I UN S  FOR  EX ERC I SE  T EST S 


I  -  INDICATIONS 

Those  correspond  to  throe  aims: 

-  investigatory  screening  in  h  i  nr:  i  ;  sk  sub  :  ec* s  with  no  clinical 
symptoms 

-  a  feature  of  diagnosis  in  the  examination  of  a  condition,  especially 
of  coronary  artery  disease 

-  a  feature  in  the  assessment  of  the  functional  conditions  of  a  patient 
or  cf  a  normal  subject  or  athlete. 

1.  THE  CORONARY  ARTERY  DISEASE  PATIENT 


This  indication,  which  for  a  long  time  was  the  only  interest  of  teams 
carrying  out  exercise  tests,  remains  the  major  indication  at  the  present  time. 

Exorcise  tests  occur  at  various  times  during  the  coronary  artery  disease: 

-  at  the  time  of  diagnosis,  in  the  face  of  a  typical  or  atypical 
painful  syndrome  and  in  the  absence  of  any  progressive  phase, 

the  EECG  is  a  key  test.  It  may  also  be  carried  out  in  some  subjects 
presenting  a  high  risk  factor  and  with  a  particularly  dangerous 
professional  post; 

-  during  conva 1 escence  after  myocardial  infarction,  the  EECG  is  part  of  the 
rehabilitation  of  the  coronary  artery  disease  patient  leading  to 

a  progressive  increase  in  physical  capacity,  greater  functional 
tolerance  and  also  in  adaptation  of  treatment; 

-  after  the  placing  of  a  shunt,  the  EECG  gives  a  valuable  indication 
of  the  functioning  of  the  graft.  However  a  negative  test  result 
does  not  necessarily  establish  its  permeability. 


2.  OTHER  INDICATIONS  IN  DISEASE  CONDITIONS 

Some  minor  cardiopathic  conditions  may  also  be  tested  in  order  to  situate 
the  level  of  tolerance.  This  is  carried  out  currently  m  the  case  of  valvu lopa th les , 
even  of  the  aorta,  which  had  long  been  considered  as  contraindications.  For  many 
authors  the  EECG  is  an  important  factor  when  deciding  whether  to  operate  in  congenital 
aortic  stenosis.  The  test  can  also  be  used  to  assess  the  tolerance  of  int ra~cardiac 
shunts  and  primitive  myocardiopathies  whether  obstructive  or  otherwise. 

Hypertension  is  a  recent  field  for  the  application  of  EECG  with 
many  possibilities. 

In  a  diagnostic  perspective,  they  can  be  used  to  differentiate  between 
labile  hypertensive  subjects  and  subjects  with  normal  blood  pressure  on  the  one  hand 
and  those  with  permanent  hypertension  on  the  other.  EECG  can  also  be  valuable  in 
pharmacological  discussion  in  order  to  differentiate  the  mode  of  action  of  the  various 
drugs  and  to  establish  their  efficacy  in  unusual  conditions. 

These  tests  have  also  proved  valuable  in  the  investigation  of  arrhythmias 
since  they  have  been  shown  to  trigger  episodes  of  arrhythmias. 

Depending  on  the  type  of  excitability  abnormality,  t'  e  disorder  may  be 
increased  or  may  disappear  making  possible  some  assessment  of  severity  and  of 
r isk . 


In  particular,  in  the  coronary  artery  disease  patient,  the  frequency  at 
which  extrasystoles  are  detected  is  particularly  high. 

The  EECG  is  a  complementary  means  which  could  render  the  test 

dangerous . 


Therefore  patients  presenting  any  of  the  signs  listed  below  should  be 
excluded  from  such  tests: 
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-  progressive  coronary  artery  disorder  whether  unstable  angina  or  recent 
myocardial  infarction  (the  threshold  generally  selected  being  three  weeks 
with  no  complications); 

-  decompensated  cardiac  failure  of  whatever  cause; 

-  a  severe  obstacle  on  the  left  sice; 

-  severe  disorders  of  excitability  or  conduction  (high  level  block); 

-  severe  rhythmic  hypertension; 

-  pulmonary  artery  hypertension 

The  criterion  of  age  is  no  longer  considered  an  absolute  contraindication. 


In  fact  all  these  pathological  circumstances  constitute  non-indications  for 
this  type  of  test  which  is  intended  for  patients 

-  having  the  same  diagnosis 

-  and  whose  poor  functional  tolerance  is  evident  to  the  attentive  observer. 

The  only  debatable  point  is  that  of  arrhythmias,  and  in  particular  of  ventricular 
extrasystoles  where  early  reactions  to  the  test  can  be  used  to  decide  whether  to 

continue  with  the  test  or  not. 

There  remains  the  question  of  poor  indications  related  to  difficulties  of 
assessment  of  changes  of  repolarisation,  whether  because  of  abnormal  left  bundle  branch 
depolarization  block  or  pre-excitation  syndrome  in  particular,  or  whether  due  to  certain 
forms  of  medication;  digitalis  glycosides,  amiodorone. . . 
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PART  THREE 

BASIC  TECHNIQUES  OF  THE  EXERCISE  ECG 


-  INTRODUCTION 

There  are  two  types  of  exercise  test  which  correspond  to  two  different  aims: 

1 )  EXERCISE  TESTS  INTENDED  TO  DETERMINE  PHYSICAL  FITNESS 

These  are  used  particularly  amongst  athletes  but  may  also  be  of  value  in  a 
military  setting;  parachutists ,  combat  swimmers,  commandos  and  ail  combat  tant  personnel. 

These  tests  are  based  on  the  determination  of  the  oxygen  consumption:  ^0^ • 

The  direct  determination  of  oxygen  consumption  is  difficult  to  perform  and  so 
it  is  often  assessed  from  determinations  of  the  heart  rate  HR. 

One  of  the  tests  frequently  proposed  (12)  consists  in  having  the  subject 
perform  for  a  period  of  six  minutes  a  sub-maximal  exertion  of  work  output  W.  From  the 
HR  the  work  output  and  by  using  diagrams  of  the  ASTRAND-RYHM I NO  type  (2),  it  is  possible 
to  determine  the  max.,  which  is  higher  the  more  successful  the  subject ’s t raining. 

In  these  tests  the  ECG  recording  is  primarily  intended  to  give  an  accurate  and 
direct  determination  of  the  HR. 

2)  EFFORT  TESTS  FOR  DIAGNOSTIC  PURPOSES 

The  purpose  of  these  tests  is  essentially  to  detect  pathological  states  and  if 
possible  to  attempt  to  quantify  them.  The  major  diagnosis  is  that  of  -oronary  failure. 

In  this  type  of  test,  an  attempt  is  made  to  determine  the  maximal  exertion 
corresponding  to  the  ^2  max. 
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In  practice,  the  subject  tested  must  reach  an  HR  =  220  -  age. 

We  will  consider  only  this  type  of  test. 

I  -  INVESTIGATION  OF  THE  ELECTRICAL  ACTIVITY  OF  THE  HEART 
1 .  Problems 

-  The  electrical  activity  of  the  heart  is  investigated  during  the  ECG  at  rest 
by  means  of  electrodes  sited  at  standard  points. 

The  peripheral  electrodes  on  the  limbs  may  be  placed  at  any  point  on  the  limbs. 
However  the  precordial  electrodes  are  placed  at  accurately  defined  sites  (figure  9). 


FIGURE  9 

Siting  of  precordial  electrodes 
VI  -  Edge  of  right  sternum  -  4th  right  intercostal  space 
V2  -  Left  edge  of  sternum  -  4th  left,  intercostal  space 

V3  -  In  the  centre  of  the  line  V2  -  V4 

V4  -  Fifth  intercostal  space  on  the  medio-clavicular  line 
V5  -  Intersection  of  the  anterior  axillary  lino  and  the  horizontal 
line  through  V4 

V6  -  Intersection  of  the  median  axillary  line  and  the  horizontal 
line  through  V4 . 


1 


Jl 


-  The  determination  is  difficult  not  only  because  of  the  problems  of  siting 
the  electrodes  but  also  because  of  parasite  activity.  Parasiting  of  the  ECG  arises  from 
two  main  causes: 

.  parasiting  of  the  ECG  recording  by  an  electrical  current  (50  cycles). 
This  is  due  to  poor  isolation  of  the  subject  and  the  instrument 
(figure  10) 


FIGURE  10 

ECG  parasiting  by  an  electrical  current 

.  parasiting  by  the  myogram  due  to  poor  muscular  relaxation  because  of  cold, 
the  psychological  stress  of  the  examination,  etc...  (figure  11) 

-  A  third  source  of  difficulty  is  the  need  for  very  close  contact  between  the 
skin  and  the  electrode.  Poor  skin-electrode  contact  is  often  responsible  for  an  unstable 
base  line  (figure  12). 

During  exercise  ECG,  these  three  types  of  problems  are  Increased: 

.  the  subject  tested  is  standing  and  not  lying  down? 

.  because  the  subject  is  moving  and  not  stationary 

.  because  the  condition  of  the  skin  changes  and  sweat  may  be  produced 

The  placing  of  the  electrodes  requires  very  great  care  if  a  meaningful  recording 
is  to  be  obtained. 
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FIGURE  12 

Instability  of  •  ... 
base  line. 

Poor  contact  of  the 
electrode  which  is 
displaced  by  respiratory 
movements . 
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2 .  Siting  of  the  electrodes 

The  exercise  is  to  involve  movement  and  the  contraction  of  the  muscle  masses.  The  peripheral 
electrodes  cannot  therefore  remain  in  their  usual  place  at  the  end  of  the  limbs. 


They  must  be  sited  where  : 

-  they  will  undergo  little  or  no  movement 

-  they  will  not  be  in  contact  with  the  muscle  masses 

The  electrodes  on  the  legs  are  therefore  placed  on  the  sacro-iliac  joints  or  on 
the  anter ior-superior  spinous  processes  of  the  ilium. 

The  arm  electrodes  are  placed  on  the  acromions,  above  the  shoulder  joint,  or 
failing  this  behind  on  each  side  of  the  cervicodorsal  vertebral  junction. 


Precordial  electrodes 


If  all  leads  are  to  be  recorded,  the  precordial  electrodes  are  placed  in  their  usual 
position  for  the  resting  ECG. 

.  Bipolar ^thoracic^electrodes 

In  view  of  the  problems  of  recording,  an  attempt  has  been  made  to  simplify  it  by  reducing 
the  number  of  electrodes.  For  this  purpose,  various  systems  of  bipolar  thoracic  electrodes 
have  been  suggested: 


V5 

- 

V5  R 

V4 

- 

V4  R 

V4  R 

- 

V2 

V6 

- 

VI 

V6 

- 

Pescador  lead 

But  the  most  commonly  used  assembly  is  that  of  the  bipolar  thoracic  electrodes 
CM  5  =  manubrium  -  75. 

It  is  made  up  of  the  following  electrodes: 

-  peripheral  right  arm  electrode,  placed  on  the  sternal  manubrium 

-  peripheral  left  arm  electrode  at  V5 

-  peripheral  right  leg  electrode  placed  on  the  epigastrium. 

The  electrocardiograph  is  placed  on  D1  during  recording 

The  precordial  leads  are  of  special  importance  during  recording  of  the  exercise 
ECG.  However  the  peripheral  leads  cannot  be  dispensed  with,  especially  those  which  explore 
the  inferior  surface  of  the  heart. 


3 .  The  electrodes 

Traditional  electrodes  require  particularly  careful  application  and  attachment 
to  ensure  satisfactory  contact  with  the  skin  during  exercise. 

Currently,  silver-silver  chloride  electrodes  are  used,  1  cm  in  diameter. 

Adherence  to  the  skin  is  obtained  by  a  self-adhesive  disc  on  both  sides. 

4.  Attachment  of  the  electrodes  to  the  skin 


The  contact  between  the  electrode  and  the  skin  should  be  as  close  and  stable 
as  possible.  This  is  difficult  in  the  case  of  the  precordial  electrodes  because  of  the 
breathing  movements  which  are  very  considerable  after  exercise,  and  sometimes  because  of 
sweat . 


In  order  to  overcome  these  difficulties  the  skin  must  be  carefully  prepared. 

The  skin  should  be  shaved  if  the  hair  growth  requires  it.  Any  surface  grease  should  then 
carefully  be  removed  and  if  necessary  the  skin  scowered.  To  do  this  the  authors  use  an 
abrasive  compress  soaked  in  ether.  The  integument  is  rubbed  vigorously  virtually  until 
abrasion  of  the  epidermis,  i.e.  until  fine  drops  of  serum  appear. 

Modern  electrodes  and  a  thin  layer  of  paste  provide  very  good  contact.  In 
order  to  ensure  the  stability  of  the  electrodes  a  sticking  plaster  can  be  placed  over  them 
or  they  can  be  held  in  place  by  a  wide  elastic  band  (see  figure  13). 


Ergometric  bicycle.  Note  the  MSD  electrode 
sited  over  the  acromion  and  the  attachment 
of  the  electrodes. 


5 .  The  cables 


The  cables  linking  the  precordial  electrodes  to  the  various  recording  systems 
may  be  subjected  to  pulling  and  swaying  movements  during  the  exercise  which  may  effect 
the  recording. 

These  movements  should  be  minimised  during  exercise.  In  order  to  do  this  they 
should  all  be  attached  together.  They  can  also  be  attached  to  the  thorax  at  a  distance 
of  10  to  15  cm  from  the  electrode. 

6 .  Recording  of  cardiovascular  parameters 

The  ECG  is  monitored  continuously  on  the  screen.  It  is  also  recorded  on  a  chart 
at  the  normal  flow  chart  rate  of  25  mm/sec.  The  frequence  and  duration  of  these  recordings 
varies  from  author  to  author.  The  present  authors  generally  record  10  to  15  seconds  from 
peripheral  and  precordial  leads  every  minute  on  a  6-channel  recorder.  A  multi-channel 
( 3  or  6  channels  )  recorder  is  strongly  recommended. 

The  ECG  should  be  recorded  at  rest,  just  before  exercise,  doing  exercise  and  during  a  10- 
minute  period  following  exercise.  Abnormal  reactions  may  develop  after  exercise. 

•  Blood  pressure 

The  systolic  blood  pressure  is  determined  about  every  two  minutes  using  the 
auscultary  method  (figure  14). 

The  systolic  pressure  is  noted  at  the  first  audible  sound. 

The  diastolic  pressure  is  more  difficult  to  assess  particularly  after  maximum 

exerc lse . 


Ergometric  bicycle  and  ECG  recorder  with  monitoring  screen  above 


II  -  FORMS  OF  EXERCISE 

EXERCISE  WITH  A  CONSTANT  LOAD  AND  EXERCISE  WITH  AN  INCREASING  LOAD 

1  )  §X?£2±S!:_wi  th_COnstant  _load_or_rectan2ular_test 

In  this  type  of  test  the  subject  immediately  reaches  the  work  output  required 
and  maintains  this  load  throughout  the  test  until  stopping  suddenly  at  the  end. 

This  type  of  test  is  particularly  suitable  for  routine  use  at  submaximal  effort 
for  the  determination  of  physical  fitness. 

2  )  is ing_load_  or_tri angular _cest 

This  is  the  method  used  by  clinicians  in  diagnostic  tests.  It  consists  of 
reaching  maximum  exertion,  corresponding  to  max by  a  series  of  progressive  stages. 

Three  exercise  methods  have  been  used: 

a)  The  MASTER  two-step  test 

The  exercise  in  this  test,  which  is  no  longer  used  but  which  was  long  considered 
a  reference  test,  cons ists  of  going  up  and  down  a  set  of  steps  with  three  rungs  (figure  15) 


Diagram  of  the  Master-step-test  steps 
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The  stepping  rhythm  is  fixed  by  a  metronome.  The  minimum  number  of  steps  to 
be  climbed  is  a  function  of  weight  and  of  age. 

The  test  lasts  between  IJ5  and  3  minutes. 

The  test  is  cheap  and  easy  to  perform. 

However,  it  is  a  rectangular  test  and  it  is  impossible  to  record  the  BP  during 
the  exercise  and  difficult  to  record  the  ECG. 

b)  Ergometric  bicycle  (figures  13  and  14) 

This  is  now  the  most  commonly  used  method. 

1  .  ?r  mci  pie 

The  exercise  performed  by  the  subject  consists  in  pedalling  a  bicycle  in  opposition  to  an 
adjustable  brake  system.  The  exercise  performed  depends  on  the  degree  of  braking  and  the 
number  of  pedal  cycles  performed  during  unit  time. 

In  most  of  the  bicycles  the  number  of  cycles  is  set  (60  per  minute).  The  work 
output  is  increased  by  raising  the  resistance  of  the  brake.  This  obliges  the  subject 
tested  to  follow  a  constant  pedalling  rhythm  and  this  is  a  handicap  towards  the  end  of  the 
exercise . 


There  are  two  types  of  brake. 

Mechanical  brake.  This  is  the  simplest  brake  and  consists  of  an  adjustable 
belt,  which  opposes  the  rotation  of  a  wheel  driven  by  the  pedalling. 

This  brake  has  some  technical  drawbacks: 

.  as  the  belt  warms  up,  it  stretches  and  the  actual  load  of  the 
brake  falls; 

.  the  instrument  undergoes  oscillating  movements  at  very  high 
exertions  and  is  not  reliable  for  maximal  tests. 

Electro-magnetic  brake.  This  system  is  both  simpler  and  more  complex. 

It  requires  more  complex  callibration  which  must  be  checked  regularly.  Depending 
on  the  type  of  instrument,  the  pedalling  rate  may  be  fixed  (about  60  rpm)  or  variable. 

2 .  Advantages 

The  ergometric  bicycle  has  many  advantages: 

.  solidity,  reliability,  simple  maintenance,  not  cumbersome, 
simplicity  of  the  test,  which  does  not  require  practice  and 
so  gives  good  reproducibility; 

.  the  system  of  signal  capture;  the  electrodes  are  connected  to 
a  box  on  the  handlebar  by  a  relatively  short  length  of  cable. 


3 .  Drawbacks 

These  are  mainly  related  to  ti  -i  muscle  masses  called  into  play. 

The  test  has  been  criticised  because  it  involves  only  the  muscle  masses  of  the 
legs,  which  is  an  artificial  form  of  exercise  as  compared  with  that  of  the  treadmill. 

It  should  be  pointed  out  that  the  muscle  masses  of  the  legs  are  those  most  likely  to 
produce  70 ^  max.  which  is  usually  the  aim  of  the  test. 

However,  untrained  subjects  may  be  incapable  of  attaining  a  theoretical  maximum 
HR  equivalent  to  70 2  max.  because  they  are  forced  to  discontinue  the  test  because  of 
cramp  or  muscular  failure  of  the  legs. 

At  high  levels  of  exertion,  when  muscle  fatigue  sets  in  in  the  legs,  the  subjects 
tested  strain  against  the  handlebars  with  their  arm,  shoulder  and  pectoral  *'r.r.cles .  The 
contraction  of  these  muscles  parasites  the  recording. 

This  can  be  counteracted  by  adjusting  the  saddle  height,  the  r>\  '  f.  position 

and  also  by  the  progressive  increase  of  the  exercise  level  so  that  as  muc  .  o'  c workload 
as  possible  falls  on  the  legs. 

c)  The  treadmill 

In  this  test,  all  the  movements  involved  in  walking  on  a  treadr.ill  co^r:itute 
the  muscular  work. 


Two  parameters  can  be  adjusted  to  increase  the  workload: 
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-  an  increase  of  the  slope  of  the  treadmill,  the  subject  climbs  a  slope. 

-  an  increase  of  the  speed  of  the  treadmill,  this  amounts  to  increased 
walking  speed. 

This  method  is  useful  for  the  direct  determination  of  the  VO2  max.,  but  is  less 
widely  used  in  clinical  practice  than  the  ergometric  bicycle. 

The  method  has  the  following  drawbacks: 

-  higher  cost,  more  complex  maintenance  and  more  cumbersome  apparatus 

-  more  difficult  to  use,  the  subject  has  to  have  a  little  practice 

-  the  impossibility  of  determining  the  work  output  directly 

-  the  involvement  of  all  muscle  masses,  especially  towards  the  end  of 
the  exercise, makes  ECG  recording  difficult. 

Ill  -  PRACTICAL  FEATURES  OF  THE  EXERCISE  ECG 


We  will  consider  the  exercise  tests  most  widely  used  in  clinical  practice,  the 
triangular  test  on  the  ergometric  bicycle. 

1*  Preparation  and  condition  of  the  subject 

-  The  subject  to  be  tested  should  be  fasting  and  have  abstained  from  smoking 
for  two  hours. 

-  The  subject  should  have  emptied  the  bladder  before  the  test. 

-  The  temperature  and  humidity  in  the  examining  room  should  be  suitable 
for  exercise.  The  room  should  be  aired  between  tests. 

The  temperature  should  not  be  too  high,  so  as  to  minimize  sweating  and 
slipping  of  the  electrodes.  However,  too  cold  a  room  may  produce  shivering 
and  muscular  parasiting  at  the  beginning  of  the  test. 

-  The  test  can  theoretically  be  performed  in  two  positions,  either  lying 
or  sitting 

.  The  dorsal  decubitus  position  has  some  theoretical  advantages: 

.  better  immobilisation  of  the  thorax  and  shoulders  and 
hence  better  attachment  of  the  electrodes 

.  a  physiological  advantage,  since  the  systolic  stroke  volume 
is  maximal  when  the  subject  is  lying  down 

.  however,  maximal  exertion  is  more  difficult  to  attain  in 
this  unnatural  position. 

.  The  seated  position  is  more  natural  in  that  it  is  closer  to  the  usual 
conditions  of  exercise  and  it  permits  greater  work  output. 

In  practice  the  seated  position  is  used. 

The  height  of  the  saddle  must  be  carefully  adjusted.  The  subject  must  be 
correctly  seated  when  pedalling  so  that  the  pelvic  girdle  remains  stable  and  the 
effort  is  spread  over  the  whole  leg. 

To  achieve  this  we  recommend  a  rather  low  position  of  the  saddle  which  permits 
full  extension  of  the  leg  without  hip  movement.  The  feet  should  be  held  in 
place  on  the  pedals. 

The  subject  should  be  instructed  to  pedal  with  the  shoulders  low  down,  without 
contraction  of  the  muscles  of  the  shoulder  girdle  or  straining  of  the  arms. 

It  is  important  to  encourage  the  subject  and  to  explain  the  test  procedure 
fully. 

2.  The  work  load 

The  subject  tested  should  reach  an  exercise  level  equivalent  to  max.  This 
is  assessed  from  the  maximal  theoretical  heart  rate  (MTR)  calculated  from  the 
formula  220  -  age  in  years  (Cf.  physiological  bases). 

-  The  initial  level  of  exercise  varies  from  subject  to  subject  depending  on  the 
clinical  background . 

-  For  an  elderly  patient  complaining  of  chest  pain,  the  initial  workload 
should  be  low,  less  than  50  watts. 

For  a  young,  asymptomatic  and  trained  subject  the  initial  workload  can 
be  over  100  watts. 
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-  The  workload  is  proqross i ve ly  increased  by  steps,  two  parameters  of 
which  can  be  adjusted: 

.  the  increase  in  workload  to  the  next,  level  (in  watts), 

,  the  duration  at  each  level  (in  minutes). 

Most  authors  increase  the  workload  by  30  watts  every  three  minutes  (WHO 
recommendations) . 

The  authors  prefer  an  increase  of  20  watts  every  two  minutes.  In  this  case  the 
increase  in  work  is  much  nearer  to  linear  and  better  tolerated.  This  is 
particularly  true  at  the  end  of  the  test  when  an  excessive  rise  of  40  or  even 
30  watts  may  result  in  a  sudden  discontinuation  of  the  test  before  the  MTR  is 
reached . 

Performed  in  this  way,  the  test  does  not  take  any  longer  to  carry  out. 

In  general,  what  matters  is  to  avoid  increasing  the  workload  before  the  heart 
rate  has  stabilised.  With  increases  of  20  watts,  the  HR  generally  rises  over 
the  first  minute  and  stabilises  during  the  next  minute. 

DISCONTINUATION  OF  THE  EXERCISE 

.  Modalities 

When  the  patient  abruptly  discontinues  maximal  exercise,  he/she  may  sometimes 
present  the  following  signs  :  palor,  sweating,  sudden  bradycardia  (80-60i 
sudden  fall  of  the  BP  by  60  -  100  mm  Hg,  and  in  particular  lipothymia  which  obliges 
the  subject  to  lie  down. 

These  symptoms  are  interpreted  as  reflecting  vagal  rebound  after  exercise  and 
can  be  prevented  by  asking  the  patient  to  continue  pedalling  for  a  minute  or  two 
during  which  time  the  brake  load  is  rapidly  released. 

However,  if  the  resistance  of  the  cardiovascular  system  to  exercise  is  to  bo 
assessed,  it  may  be  helpful  to  end  the  exercise  abruptly. 


The  end  of  the  exercise  may  have  several  causes. 

2.1  The  test  may  be  completed  if  the  MTR  (220  -  age)  has  been  reached. 

2.2  Di scont inuat ion  may  be  due  to  muscle  failure  of  the  legs  or  to  exhaustion 
without  reaching  the  MTR 

2.3  The  onset  of  chest  pain.  Only  typical  angina  or  an  atypical  episode 
accompanied  by  ECG  signs  of  coronary  failure  should  lead  to  discontinuation 
of  the  exercise. 

2 . 4  Abnormal  blood  pressure  parameters : 

.  The  systolic  blood  pressure  reaches  about  200  +  20  mm/Hg 

.  An  excessive  rise  in  BP  is  a  criterion  for  discontinuation.  l’he  threshold 
which  should  not  be  exceeded  depends  on  the  age  anc  cardiovascular  history 
of  the  patient. 

.  For  a  subject  of  less  than  40  years  of  age  with  no  past  history  of 
cardiovascular  problems,  the  BP  can  be  allowed  to  rise  to  300  mm. Kg. 

In  practice  we  rarely  exceed  a  value  of  260  mm.Hg 

.  In  contrast,  a  fall  in  BP  after  an  initial  rise,  should  lead  to  the 
suspicion  of  sudden  haemodynamic  failure  and  should  lead  to  discont¬ 
inuation  of  the  test. 

.  An  absence  of  any  rise  in  pressure  at  the  beginning  of  the  test,  should 
lead  to  great  caution. 

2.5  Discontinuation  because  of  severe  dyspnoea  which  is  disproportionate  with 
the  exercise  or  because  of  functional  disorders:  lipothymia,  sweating, 
palor,  etc . . . 

2 . 6  Arrhythmias 

-  The  onset  of  proxysmal  arrhythmias  (whether  atrial  or  ventricular),  should 
result  in  discont inuat ion  of  the  test. 

-  Atrial  extrasystoles  are  usually  compatible  with  continuation  of  the 


-  Only  ventricular  extrasystoles  (VES)  cause  a  problem.  Polymorphic  VES, 
those  variously  coupled  or  those  coupled  but  with  a  risk  of  R/T 
phenomenon  should  lead  to  discontinuation  of  the  test. 
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-  Salvos:  doublets,  triplets,  etc...  are  an  absolute  cause  of  discontinuation. 

-  The  VES  threshold  is  debatable.  Some  authors  suggest  discontinuing  the 

tests  if  the  level  of  VES  reaches  10%.  In  practice,  we  ourselves  have 

fairly  frequently  registered  much  higher  levels  at  the  beginning  of  the  test, 
with  the  VES  incidence  falling  and  even  disappearing  as  the  heart  rate  rises. 
Any  regular  rise  in  the  number  of  VES  with  increasing  exercise  should  lead 

to  discontinuation  of  the  test. 

-  For  VES  as  for  BP,  the  clinical  background  must  be  taken  into  account. 

-  This  is  also  true  of  bi-geminy  and  tri-geminy  which  we  do  not  consider 
absolute  criteria  for  discontinuation. 

2.7  Conduction  disorders 


-  At riovent r icular  block  of  any  degree  should  result  in  discont inuat ion . 

-  Right  bundle  branch  block  should  not  lead  to  interruption  unless  there  is 
pre-existent  left  hemiblock. 

-  Left  bundle  branch  block  is  not  theoretically  a  criterion  for  interruption, 
but  should  give  rise  to  caution. 

2 . 8  Primary  repolarisation  disturbances 

-  Abnormalities  of  the  T  wave.  It  is  usual  to  register  large  T  waves  during 
exercise . 

-  The  appearance  of  an  isolated  inversion,  particularly  if  it  occurs  early  on, 
should  not  lead  to  discontinuing  the  test.  It  may  be  related  to  hyper¬ 
ventilation.  This  may  be  confirmed  by  carrying  out  a  resting  ECG  during 
hyper-vent i lat ion  (figure  16). 

-  ST-segment  abnormalities.  Upward  or  downward  shifts  of  the  ST  segment 
are  signs  of  coronary  failure.  They  result  in  interruption  of  exercise 
(Cf.  Part  V:  coronary  failure). 
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FIGURE  16 
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PART  IV 


THE  NORMAL  EXERCISE  ELECTROCARDIOGRAM 
( EECG ) 


Exercise  produces  modifications  of  the  ECG  recording  nven  in  the  absence  of  any 
disease  factor. 

I  -  MODIFICATIONS  OF  THE  ECG  DURING  EXERCISE 

It  is  essential  that  these  modifications  be  understood  if  the  EECG  is  to  be 
interpreted  correctly.  They  include  the  following: 

1°  Sinus  tachycardia  which  increases  regularly  and  in  proportion  to  the  exercise. 

2°  An  increase  in  the  P  amplitude,  particularly  on  Dll  -  Dill.  However  the  P  wave 
does  not  exceed  3  mm. 

3°  A  shortening  of  the  PR  interval,  which  is  generally  in  function  of  tachycardia 
and  slight  (0.01  -  0.02  s).  If  there  is  an  initial  functional  lengthening  of  the 
PR  interval  of  vagal  origin,  it.  shortens  and  becomes  normal  as  soon  as  exercise  begins. 

4°  Sloping  of  PQ  and  lowering  of  J  (figure  17).  This  is  one  of  the  most  usual 

changes  in  the  ECG  and  is  due  to  an  increase  of  the  negative  BP  atrial  repolans- 
ation,  which  normally  passes  unnoticed,  masked  by  the  QRS  complex  (25). 

J  may  be  depressed  by  1  to  2  mm  or  even  more.  This  depression  is  partly  condition- 
ned  by  instability  of  the  isoelectric  line.  The  depression  of  J  in  isolation  is 
therefore  a  physiological  phenomenon  which  produces  the  junctional  pattern. 


FIGURE  17 

EECG  Modifications  (healthy 
subject ) 

Functional  aspect. 


5°  Various  changes  of  the  T  wave  may  occur.  The  amplitude  of  the  wave  usually 
decreases  (2/3  of  cases)  but  may  increase  (1/3  of  cases).  The  T  wave  changes 
in  function  of  exercise  and  of  oxygen  consumption,  but  also  of  other 
parameters  such  as  hyperventilation  (figure  16). 

6°  Various  changes  are  also  possible  in  the  U  wave.  However  the  wave  should  not 
be  inverted.  Zn  high  frequency  tachycardia,  the  T,  U  and  P  waves  are  telescoped 
and  become  very  difficult  to  distinguish  or  interpret. 


I  1  -  DETERMINATION  OF  THE  ISOELECTRIC  LINE 

Much  of  the  analysis  and  1 nterpret at  1  on  of  the  EECG  is  based  on  assessment  of  the 
shift  of  the  ST  segment  relative  to  the  isoelectric  line.  The  extent  and  duration  of 
such  shifts  are  more  readily  determined  the  better  the  recording  and  in  particular  the 
better  the  isoelectric  line. 

At  the  end  of  the  test,  when  maximal  exertion  is  reached,  the  isoelectric  line 
may  become  unstable  and  waver.  This  results  in  artificial  shift  of  J  and  of  ST  which  make 
the  recording  un 1 nt erpret able .  A  depressed  phase  in  the  isoelectric  line  tends  to 
exaggerate  any  downward  shift,  whereas  an  elevated  phase  tends  to  reduce  or  obliterate  it. 

In  practice,  in  order  to  assess  the  recording  correctly,  we  look  for  a  series 
of  at  least  three  complexes  aligned  on  the  isoelectric  line  and  we  interpret  the  central 
compiox.  The  isoelectric  line  is  then  defined  by  the  straight  line  passing  through  the 
points  I  at  t ht*  beginning  of  the  QRS  complexes  (figure  17).  To  avoid  being  hindered  by 
fluctuations  in  the  recording,  EPESCHKIN  suggested  measuring  the  shifts  of  ST  relative  to 
the  straight  line  prolonging  the  PQ  segment  (figure  17).  In  practice  this  is  not  always 
easy,  particularly  when  the  test  becomes  maximal.  Some  instruments  are  able  to  evaluate 
the  slope  of  the  ST  segments  and  this  is  a  big  step  forward  (Cf.  Part  V-l-3). 


111  ‘  OX  AND  QT  INTERVALS 

Two  intervals  are  frequently  defined  and  used  in  the  EECG. 

-  QX  Interval 

This  begins  at  the  beginning  of  the  0  wave  (Point  I)  and  ends  at  the  intersection 
between  the  isoelectric  line  and  the  ECG  record,  when  this  crosses  it  as  it  rises 
after  point  j  (figure  17). 

-  OT  Interval 

This  begins  at  the  beginning  of  the  Q  wave  (point  J)  and  ends  at  the  end  of  the  T 
wave  or  of  its  projection  when  this  is  merged  with  T  (figure  17) 

In  the  healthy  subject  QT/QX  is  greater  than  1,  i.e.  QX  is  less  than  XT. 


PART  V 

THE  EXERCISE  ELECTROCARDIOGRAM  (EECG)  IN  CORONARY  FAILURE 


In  the  normal  physiological  state  there  is  a  balance  between  the  myocardial 
consumption  of  oxygen  (MVO^  )  and  the  coronary  flow. 

If  this  balance  is  destroyed  because  the  coronary  supply  of  oxygen  is  insufficient 
myocardial  ischaemia  appears. 

The  EECG  attempts  to  provoke  and  demonstrate  this  phenomenon. 

A  reduction  of  50%  in  the  diameter  of  the  coronary  artery  lumen  is  thought  to 
be  necessary  for  its  occurrence. 

-  Myocardial  ischaemia  has  four  consequences: 

-  metabolic  consequence  -  release  of  lactates 

-  ECG  consequence  -  ST  segment  shift 

-  haemodynamic  consequence  -  modified  ventricular  function 

-  clinical  consequence  -  onset  of  angina  pain 

The  highest  int ra-myocardial  systolic  pressure  occurs  at  the  sub-endocardial 
region.  It  is  therefore  this  region  which  is  the  first  to  suffer  if  hypoxia  occurs. 

This  sub-endocardial  stress  is  reflected  in  the  ECG  by  a  downward  shift  of  the  ST  segment. 
This  downward  shift  of  the  ST  segment  is  therefore  the  most  character i st ic  fnd  general 
ECG  sign  of  coronary  failure. 

In  some  cases,  an  upward  shift  of  ST  may  occur  which  is  interpreted  as  a  sign  of 
transmural  myocardial  stress  which  is  more  serious. 

The  ECG  modi f icat ions  precede  the  onset  of  pain. 

Before  describing  EECG  changes  seen  during  coronary  failure  we  should  make  a 
preliminary  remark. 


However  coronary  angioqraphy  has  its  own  limits  and  errors.  Furthermore  since 
most  of  the  EECG-coronary  angiography  correlations  were  performed,  the  concept  of  coronary 
artery  spasm,  intermittent  functional  stenoses,  have  been  developed  and  these  can  be 
detected  only  by  pharmacodynamic  tests. 

This  amounts  to  saying  that  the  EECG  has  limited  value  as  a  diagnostic  tool 
for  coronary  failure. 

1  -  MODIFICATIONS  OF  THE  EECG  IN  CORONARY  FAILURE 

2.  i>o'  n'irry'  shi»'«  of 

Ischaemic  aspect  (figure  18) 

This  is  considered  the  most  important  aspect  of  coronary  failure. 

It  is  characterised  by  the  following  features: 

-  a  depression  of  at  least.  1  mm  of  point  J 

-  a  downward  shift  of  the  T  segment,  also  of  at  least  1  mm,  the  segment  being 
horizontal  or  slightly  downward  sloping  towards  the  riqht  for  at  least  0.08  m. 

-  a  lagged  ST.T  function  forming  a  clear  angle 

-  a  delayed  return  to  the  isoelectric  line  with  QS  greater  than  XT. 


FIGURE  18 

VAL  51  years  -  typical  severe  angina.  Ischaemic  pattern. 
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-  Variant  pattern  (figure  19) 

This  is  very  similar  to  the  previous  pattern.  The  criteria  are  the 
same.  In  addition,  the  ST  segment  is  clearly  descending  and  presents  an 
upward  convexity.  This  is  also  highly  significative  of  coronary  failure. 


.  ft**  i 


FIGURE  19 

DANT  40  years  -  Angina 
Variant  pattern 


2.  Elevation  of  ST  (figure  20) 

This  pattern  is  defined  by  an  elevation  of  point  J  by  at  least  1  mm,  followed 
by  an  elevated  ST  segment  which  may  be  horizontal  or  have  an  upward  convexity.  The 
diagnostic  value  of  such  a  pattern  is  great  but  it  is  rarely  encountered. 

-  during  exercise  in  subjects  with  an  ECG  also  presenting  a  necrotic 
Q  wave,  the  presence  of  an  elevated  ST  often  reflects  ventricular 
dyskinesia; 

-  depression  of  ST  can  also  be  detected  during  angina  despite  healthy  coronary 
arteries,  which  is  similar  to  the  ECG  pattern  of  Prinzmetal  angina,  but 
which  develops  during  exercise. 

With  the  exception  of  the  elevation  of  the  ST,  only  the  ischaemic  (or 
variant)  type  of  ST  elevation  is  an  EECG  abnormality  signifying  coronary  artery  abnormality 
detectable  by  coronary  angiography.  However  other  EECG  modifications  lead  to  the 
suspicion  if  not  certainty  of  such  coronary  artery  disease.  These  are  modifications  of 
the  OPS  complex,  the  T  wave  or  the  U  wave  (6). 
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FIGURE  20 

LAL  -  Effort  angina 

-  Elevation  of  the  ST  segment  on  discont inuat ion 
of  exercise 

-  Normal  coronary  angiography 


Transitory  necrotic  appearance 

During  an  EECG  a  Q  wave  suggestive  of  necrosis  may  occur  which  disappears 
rapidly  when  exercise  ceases. 

Such  a  phenomenon  has  not  yet  been  fully  explained.  Its  significance  remains 
unclear  (figure  21). 

Modifications  of  T 

Inversion  of  the  T  wave  in  isolation  does  not  imply  coronary  disease. 

However  MASTERS  (27)  after  many  years  of  experience  has  some  reserves 
concerning  T  modifications. 

He  would  consider  the  isolated  inversion  of  the  T  wave  of  at  least  1.5  mm 
suspicious  if  the  T  wave  was  already  initially  positive  (or  negative)  to  at  least  1.5  mm 

Currently  any  clear  inversions  of  the  T  wave  or  major  increases  in  its 
amplitude  remain  suspicious  but  not  positively  diagnostic. 

4.  U  wave  mod i f icat ions 

More  significance  is  given  to  the  inversion  of  a  U  wave  (15).  Some  authors 
also  insist  on  its  rest. 0  ration  by  means  of  nitroglycerine  (6). 

In  practice,  at  the  degree  of  tachycardia  where  such  modifications  of  EECG 
generally  occur,  it  is  fairly  difficult  to  identify  the  U  wave  correctly. 

I  T  -  THE  DIAGNOSTIC  VALUE  OF  THE  EECG  IN  CORONARY*  FAILURE 

After  carrying  out  an  EECG  in  order  to  diagnose  possible  coronary  failure,  th< 
test  is  generally  assessed  as  either  positive  or  negative.  This  simply  implies  that 
criteria  considered  to  signify  the  presence  of  lesions  detectable  by  coronary  angio¬ 
graphy  has  been  detected  on  the  EECG. 
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FIGURE  21 

DEN,  36  years  -  Angina 

Left:  before  exercise  Right:  after  exercise 

0  wave  on  posterior  leads. 

Comparison  of  the  EECG  -  coronary  angiography  have  demonstrated  that  false 
positive  EECGs  do  exist,  i.e.  which  present  ECG  criteria  of  coronary  artery  disease  even 
though  the  angiography  is  normal.  False  negative  EECG  also  exist  where  the  coronary 
angiography  shows  abnormality. 

The  frequency  of  such  false  findings  depends  above  all  on  the  severity  of  the 
ECG  criteria  selected. 

It  also  depends  on  the  clinical  and  epidemiological  background  of  the  subject. 

We  will  therefore  consider  the  various  parameters  to  be  taken  into  account 
in  EECG  even  though  we  are  aware  that  this  test  cannot  give  certainty  as  to  the  presence 
or  absence  of  coronary  artery  lesions  but  simply  an  indication  of  a  probability  which  in 
some  cases  may  approach  lOOl  . 

1 .  Intensity  of  exertion 

Only  maxima  1  tests  can  be  taken  into  consideration,  i.e.  those  in  which 
the  subject  under  te: ;  attaT n s  about  100%  of  the  maximum  theoretical  rate  ( MTR ) .  The 
risk  of  false  negative  findings  rise  as  this  percentage  falls. 
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In  practice  the  only  test  to  have  any  significance  is  one  in  which  the  heart 
rate  reaches  90  to  100%  of  the  MTR  .  Below  85%  a  negative  test  is  devoid  of  significance. 

The  criteria  of  a  positive  test  may  obviously  appear  below  the  MTR. 

However  the  appearance  of  a  depressed  ST  in  an  asymptomatic  subject  (no  chest 
pain)  undergoing  an  expert  clinical  examination  should  not  result  in  discont inuat ion  of 
the  test  unless  the  depression  becomes  considerable  (above  3mm). 

We  have  seen  apparently  significant  depressions  disappear  at  the  end  of  the 
test  as  the  MTR  was  reached.  In  such  cases  the  coronary  angiography  was  normal 
( f igure  22)  . 

In  the  authors'  experience,  the  onset  of  chest  pain  in  the  absence  of  ECC 
modifications  does  not  preclude  continuing  the  tests. 


1 


J 


These  leads  are  as  follows:  DI  -  DII  -  VF  -  V4  -  V5  -  V6. 

These  authors  have  also  established  the  percentage  of  positive  findings  in 
function  of  the  leads  selected  (figure  23). 


LEADS 


PERCENTAGE  OF  POSITIVE 
RESULTS 


V5  . 89% 

V6  . 91% 

V4  +  V5  +  V6  . 93% 

V3  +  V4  +  V5  +  V6  . 94% 

DII  +  V3  +  V4  +  V5  +  V6  . 96% 

DII  +  a  VF  +  V3  +  V4  +  V5  +  V6  . 100% 


FIGURE  23 

Exercise  ECG  sensitivity  in  function 
of  the  leads  selected  (after  BLACKBURN) 

The  CM  5  lead  was  the  most  sensitive  to  ST  depression  but  gave  4%  of  false 

pos  i  t.  ives  . 

BLACKBURN  (4)  recorded  modified  ST  on  D2  -  D3  -  VF  in  30%  of  subjects  presenting 
an  ischaemic  type  response  to  exercise.  In  7%  of  these  cases, the  ST  modifications  were 
localised  in  the  posterior  peripheral  leads. 


3 .  Severity  of  the  e lect rocardiographic  criteria  -  The  problem  of  "intermediate" 
pat  terns 

Depending  on  the  threshold  fixed  for  the  electrocardiographic  criteria  of 
coronary  failure,  they  will  be  more  or  less  false  negatives  or  false  positives. 

If  these  criteria  are  very  rigorous,  (e.g.  an  ST  depression  equal  to  at  least 
3mm  )  there  will  be  virtually  no  false  positive  but  one  runs  the  risk  of  false  negatives. 

If  on  the  other  hand  the  criteria  for  a  positive  test  are  less  severe  (e.g.  an 

ST  depression  of  0.5  mm)  there  will  be  many  more  false  positives. 

There  is  general  agreement  to  fix  the  criterion  for  a  positive  test  as  an  ST 

depression  of  at  least  1  mm  lasting  for  at  least  0.08  sec. 

However,  the  appearance  of  the  ST  segment  is  not  defined  in  this  criterion 
particularly  whether  it  is  horizontal,  ascending  or  descending.  This  results  in  some 
statistical  disagreements  on  the  diagnostic  value  of  the  EECG. 

The  significance  of  the  T  segment  is  discussed  on  the  basis  of  some  functional 

aspects . 


The  functional  pattern  is  characterised  by  a  depression  of  point  J  of  at  least 
1  mm  followed  by  a  rising  sT  segment  (figure  24).  This  may  be  difficult  to  interpret 
because  this  description  in  fact  covers  various  patterns. 

Point  J  can  be  followed  by  an  ST  segment  which  rises  steeply  immediately, 
the  junction  with  the  T  wave  occurs  with  no  angulation,  the  QX  segment  is  short,  with 
OX  less  than  QT.  This  would  be  a  physiological  pattern  frequently  recorded  during 
exercise  (figures  17  and  24). 

Point  J  may  be  followed  by  a  more  rigid  ST  segment  which  rises  more  slowly. 

The  ST-T  junction  is  angular  and  the  QX  segment  longer,  with  QX  greater  than  XT. 

A  pattern  of  this  type  may  correspond  with  normal  coronary  angiograph  images 
(figure  25),  or  with  significant  atheroma  coronary  artery  stenoses  (figure  26). 

As  early  as  1928  KASSEBAUM  et  al.  (24)  drew  attention  to  the  difficulty  of 
interpreting  these  patterns. 

In  a  group  of  39  subjects  presenting  clearly  pathological  coronary  angiographs, 
these  authors  obtained  ’’functional"  type  ECG  recordings  in  14  cases. 
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FIGURE  26 

DAT,  39  years. 
Effort  angina 

EECG 

Coronary  angiograph 
-  2  stenoses  in 
excess  of  50%  . 
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In  another  group  of  28  subjects  presenting  normal  coronary  angiograph,  the 
same  functional  pattern  was  detected  in  one  case  out  of  two. 

The  authors  also  raised  the  question  of  false  positive  and  false  negative  tests, 
but  it  remains  true  that  the  term  "functional  pattern"  is  sometimes  used  to  describe 
clearly  differing  ECG  recordings. 

MASTER  (27)  had  already  described  a  "near  ischemic  J  depression  type"  pattern 
which  also  stresses  the  variety  of  recordings  which  are  in  fact  classified  as  functional. 

He  stressed  the  negative  significance  of  the  straightness  and  lengthening  of  the  ST  segment. 

It  is  certain  that  the  assessment  of  such  recordings  does  affect  the  value  of  the 
method  and  the  number  of  false  positives  or  false  negatives. 

The  interpretation  of  these  "intermediate"  patterns  can  be  improved  by  an 
investigation  of  the  slope  of  ST.  For  this  purpose  some  recorders  are  equipped  with  an 
automatic  graph  analysis  system  not  only  of  the  ST  shift  but  also  of  the  slope. 

The  ST  slope  provides  a  more  detailed  analysis  of  the  ECG  recording  particularly 
if  the  base  line  is  not  isoelectric.  Changes  in  the  ST  slope  appear  to  have  greater 
significance  in  the  diagnosis  of  coronary  failure  than  ST  shifts  (23). 

In  usual  practice  as  well  as  the  numerical  criteria  : 

Depression  of  I  mm 

Duration  of  0.08  s., 

the  form  of  the  ST  segment,  whether  it  is  horizontal  or  descending,  whether 
it  is  rigid  or  lengthened  are  also  of  importance  in  its  interpretation. 


ST  modifications  (depression)  may  be  detected  either  only  during  exercise, 
or  else  during  exercise  and  during  the  first  few  minutes  of  rest  following  exercise 
or  else  only  after  the  end  of  exercise. 

Usually  the  ST  depression  occurs  during  exercise. 

The  prolongation  of  ST  depression  after  the  discontinuation  of  exercise, 
bur  which  had  occurred  during  exercise,  is  generally  accepted  as  an  additional  criterion 
for  a  positive  test,  and  may  be  a  useful  criterion  in  the  assessment  of  the  severity  of 
the  disease. 


ST  modifications  occurring  after  the  exercise  are  more  controversial . 

This  pattern  is  related  to  a  clearly  abnormal  coronary  arter iograph . 

In  1967,  MASON  et  al  (26)  in  a  group  of  56  coronary  artery  disease  patients, 
presenting  typical  angina,  and  pathological  coronary  angiograph,  detected  significant 
depression  of  ST  (in  excess  of  l  mm)  at  the  time  indicated  below: 


-  Posit  ive  EECG  during  exercise  only  . 6  cases 

-  Positive  EECG  after  exercise  only  . 23  cases 

-  Positive  EECG  both  during  and  after  exercise  . 27  cases 


If  the  EECG  became  positive  after  exercise,  the  depression  tended  to  appear  about 
two  minutes  after  halting  the  test  and  not  immediately. 

However  any  modification  of  the  ECG  occurring  more  than  4  Minutes  after  the 
end  of  exercise  would  seem  to  be  without  significance. 

Many  authors  haves  stressed  the  greater  specificity  of  ST  depression  after 
exorcise.  For  BLACKBURN  in  particular  the  post-exercise  pattern  is  more  significant  than 
that  determined  during  the  exercise. 

However  some  authors  including  CHAING(9),  and  GUTMAN  (21)  have  reported  the 
onset  of  ST  depression  of  at  least  1mm  after  exercise  in  7%  of  normal  subjects.  It  should 
be  pointed  out  that  this  was  in  treadmill  tests  restricted  to  two  millimeters  in  1  group 
(21)  and  monitored  by  angiograph. 

SERRA-DIMIGNI  (33)  and  BELET  (3)  found  an  abnormal  response  only  during 

exercise . 


1.'  SUMMARY 


The  best  EECG  criteria  of  coronary  failure  are  as  follows: 

-  maximal  exercise  test  (HR  =  220  -  age) 

-  recording  on  at  least  6  leads  (DI  -  DII  -  VF  -  V4  -  V5  -  V6) 

-  depression  of  ST  by  greater  than  or  equal  to  1  mm,  for  at  least 
0.08  s. 

.  on  condition  that  ST  is  either  horizontal  or  descending 
.  the  ST.T  junction  has  a  definite  bend 
.  QX  is  greater  than  0.5  -  (QX  greater  than  QT) 

QT 

-  continued  depression  after  discont inuat ion  of  exercise 
The  elevated  ST  is  also  a  highly  positive  indication. 


5.  Epidemiological  and  statistical  importance  of  the  EECG 

The  diagnostic  significance  of  the  EECG  for  coronary  failure  depends  on  the 
population  considered.  This  fact  must  be  borne  in  mind  when  interpreting  results. 

A  test  yielding  positive  findings  suggestive  of  coronary  failure  establishes 
only  the  probability  of  significant  coronary  artery  lesions.  The  level  of  probability 
established  varies  widely  from  population  to  population. 

It  may  be  helpful  to  give  some  definitions: 

-  Sensitivity 

This  is  defined  as  the  ratio 


TRUE  POSITIVES 

TRUE  POSITIVES  +  FALSE  NEGATIVES 


and  is  the  proportion  of  subjects  in  a  given  population  affected  by  coronary  artery 
disease  (abnormal  coronary  angiograph)  actually  detected  by  EECG . 

-  1 f ici ty 

This  is  defined  as  the  ratio 

TRUE  NEGATIVES 

TRUE  NEGATIVES  ♦  FALSE  POSITIVES' 

and  is  the  proportion  of  subjects  in  a  healthy  population  wnieh  are  correctly  identified 
as  such  by  EECG. 

The  higher  the  level  of  false  positives,  the  lower  the  specificity. 

-  Diagnostic  value  of  a  positive  test 

This  is  defined  as  the  ratio 

_ TRUE  POSITIVES _ 

TRUE  POSITIVES  +  FALSE  POSITIVES 

and  is  the  probability  of  the  absence  of  coronary  artery  lesions  if  the  EECG  is  positive. 


-  Diagnostic  value  of  a  negative  test 

This  is  defined  as  the  ratio 

TRUE  NEGATIVES 

TRUE  NEGATIVES  +  FALSE  NEGATIVES 

and  is  the  probability  of  the  absence  of  coronary  artery  lesions  if  the  EECG  is  normal. 

Sensitivity,  specificity  and  diagnostic  value  of  the  EECG  vary  from  population 
to  population. 

In  a  high  risk  population  (e.g.  subjects  of  over  50  years  of  age  presenting 
chest  pains)  the  sensitivity  and  the  diagnostic  value  are  very  high. 

The  sensitivity  is  of  th2  order  of  70  to  80%  and  the  specificity  of  85%. 

In  a  low  risk  population  (e.g.  asymptomatic  subjects  aged  less  than  45  years), 
however,  the  specificity  is  poor.  This  implies  that  there  will  be  a  high  incidence  of 
false  positives. 

This  is  true  for  example  of  a  population  such  as  that  constituted  by  aeronaut 
flying  personnel  as  has  been  shown  by  FROELICHER  (19).  This  author  carried  out  a  maximal 
exercise  test  in  asymptomatic  US  airforce  personnel,  who  presented  minor  coronary 
repolarisation  disorders.  All  subjects  were  excluded  who  presented  any  clinical  history 
suggesting  angina,  infarction  or  myocarditis  and  also  any  subjects  presenting  a  pre¬ 
excitation  syndrome,  any  saltwater  balance  problem  etc... 

-  60%  presented  a  normal  exercise  ECG 

-  40%  (  =  76  cases)  presented  an  EECG  classified  as  positive 
These  76  cases  underwent  coronary  angiography 

-  33  {=  43%)  presented  coronary  stenosis  greater  than  or  equal  to  50%  (true 

positives ) 

-  36  (=  47%)  presented  healthy  coronaries  (false  positives) 

-  7  (=  10%)  presented  an  insignificant  stenosis  (less  than  50%) 

In  a  population  of  young  and  asymptomatic  subjects  the  diagnostic  value  of  the 
EECG  would  therefore  seem  to  be  slight.  There  is  a  high  risk  of  false  positives  = 
virtually  50%. 

The  test  cannot  be  applied  routinely.  It  should  be  limited  to  high  risk 
subjects.  This  risk  may  be  medical  in  nature,  assessed  on  the  basis  of  high  risk  factors 
established  by  the  FRAMINGHAM  enquiry  (high  blood  cholesterol,  smoking,  hypertension,  etc 

In  some  cases  the  risk  may  be  occupational  (cosmonauts,  pilots  of  very  high 
performance  aircraft  etc...).  In  this  case,  interpretation  becomes  difficult  and  the 
risk  of  error  lies  rather  in  false  positives  than  false  negatives. 
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-  The  female  population 

The  EECG/coronary  angiography  correlation  is  less  good  in  women  that  in  men. 
The  false  positive  level  is  generally  of  the  order  of  25  to  30%. 


IN  CONCLUSION 

The  EECG  should  not  be  interpreted  in  isolation. 

Initially  any  positive  criteria  should  be  assessed  in  detail. 

Then  the  test  should  be  situated  against  the  clinical  and  epidemiological 
context  of  the  patient  (age,  symptoms,  risk  factors  ...etc.) 

Only  in  this  way  can  rational  use  be  made  of  the  EECG  in  the  diagnosis  of 
coronary  failure. 

Ill  -  SCG  CRITERIA  FOR  THE  SEVERITY  OF  CORONARY  FATr.ftsr 

There  have  been  efforts  to  improve  the  interpretation  of  the  EECG  by  identifying 
criteria  which  could  serve  as  an  index  of  the  severity  of  the  coronary  artery  damage. 

1 .  Timing  of  the  ST  depression 

An  early  depression  is  thought  to  be  an  index  of  severity. 

In  practice  as  we  shall  see,  the  product  of  the  systolic  BP  x  HR  is  more  often 
used  than  the  timing  itself. 

2 .  Extent  of  ST  depression 

The  greater  the  extent  of  the  depression  of  ST,  the  higher  the  probability  of 
stenosis.  On  the  other  hand  the  extent  of  depression  is  no  indication  of  the  extent 
of  the  lesion  (13). 

3 .  Location  of  ST  depression 

ST  depression  is  more  often  detected  on  left  precordial  leads  (V4,  V5,  V6)  than 
on  posterior  leads. 

It.  has  been  established  that  there  is  no  correlation  between  the  location  of 
electrocardiographic  disorders  and  the  location  of  lesions  detected  by  coronary  angiography. 

However,  the  diffusion  of  ECG  abnormalities ,  especially  of  precordial  abnormalities, 
would  seem  to  be  an  index  of  the  severity  of  coronary  damage.  If  associated  with  a  low 
BP  x  HR  product,  this  leads  to  a  suspicion  of  lesions  (widespread  or  proximal  (30). 

4.  Amplitude  of  the  R  wave  (7-8) 

The  amplitude  of  the  R  wave  is  increased  during  exercise  in  coronary  patients. 

Various  indices  of  severity  could  be  envisaged  based  on  R  modifications. 

-  increased  R  wave  on  V5  during  or  following  exertion, 

-  comparison  between  the  increase  of  the  R  wave  on  V5  and  the  depression  of  ST, 

-  increase  of  the  sum  of  R  wave  on  aVL,  aVF,  V3,  V6, 

In  the  healthy  subject  however  there  is  a  fall  in  the  amplitude  of  R. 

This  is  explained  by  a  simultaneous  fall  in  systolic  and  diastolic  stroke 
volumes  during  exercise,  whereas  the  volume  of  the  ischaemic  ventricle  does  not  decrease. 

It  is  sometimes  difficult  to  assess  changes  in  amplitude  of  the  R  wave 
especially  towards  the  end  of  exertion  when  respiratory  movements  are  exaggerated. 

The  mean  of  20  complexes  should  be  taken. 

The  increase  in  R  wave  amplitude  is  an  index  of  severity  which  in  detected 
particularly  if  there  are  ventricular  repercussions  of  coronary  failure. 

5.  HR  x  BP  product  (more  commonly  represented  by  ST.T) 

The  product  of  the  heart  rate  (HR)  x  the  systolic  blood  pressure- 
index  of  the  ^see  t^ie  Section  Physiological  bases  of  the  EECG). 


(BP)  is  a  good 


The  HR  x  BP  product  is  more  often  expressed  as  ST.T  (Systolic  tension  Time 
Index).  This  product  would  appear  to  be  a  useful  criterion  of  severity  and  provides 
confirmation  of  a  positive  test. 

-  An  HR  x  BP  product  of  more  than  3000  nun  at  the  onset  of  ST  depression  cal 
into  doubt  the  validity  of  the  test. 

An  HR  x  BP  product  of  between  2300  and  3000  mm  considerably  increases  the 
prognostic  value  of  ST  depression. 

A  product  of  loss  than  2000  at  the  onset  of  ST  depression  makes  it  highly 
probable  that  two  or  three  major  trunks  are  damaged. 

t .  Ventricular  extrasystoles  (figure  27) 

The  onset  of  ventricular  extrasystoles,  or  an  increase  in  their  frequency 
during  exercise  does  not  definitely  establish  the  presence  of  stenotic  coronary  artery 
lesions.  However,  in  the  coronary  patient,  such  signs  are  an  indication  of  severity, 
particularly  if  they  arc  numerous  and  polymorphic.  Notably,  they  ineveaso  the  risk 
of  sudden  death  (7). 


FIGURE  27 

VA,  SI  years,  Severe  typical 
angina 
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IV 


PROGNOSTIC  VALUE  OF  EECG 


The  validity  of  EECG  has  been  established  by  comparison  with  coronary 
angiography . 

These  are  two  different  methods  and  investigate  different  phenomena. 

The  radiological  coronary  angiographic  method  is  intended  to  provide  information 
about  the  anatomical  status  of  the  coronary  vessels. 

The  ergomet  r ic  EECG  method  is  intended  to  asses  the  f unct  tonal  status  of  the 
coronary  circulation.  It  should  not.  be  forgotten  that  in  general  ECC  reflects  only 
myocardial  activity. 

The  value  of  the  coronary  angiograph  itself  as  an  indication  of  anatomical 
lesions  should  also  be  considered. 

Some  studies  (18)  have  detected  the  correlation  between  anatomical  stenosis  and 
angiographic  signs  of  stenosis  in  only  81%  of  cases.  In  general ,  coronary  angiography 
underestimates  the  presence  of  stenoses.  The  method  does  not  explore  the  fine  distal 
collateral  circulation. 

The  detailed  sequence  by  which  coronary  artery  stenosis  may  give  rise  to  signs 
of  ischaemia  during  exercise  has  not  been  established. 

Coronary  angiography  (associated  with  left  ventricular  angiography)  remains 
the  best  method  of  assessing  the  status  of  the  coronary  vessels,  but  does  have  its  limits 
and  is  based  on  a  different  principle  from  that  underlying  EECG. 

All  these  factors  should  be  borne  in  mind  when  assessing  an  EECG. 

False  negatives  and  false  positives  are  merely  false  with  respect  to  coronary 
angiography  and  they  may  have  some  significance  from  other  standpoints. 

This  significance  is  sought  by  studies  involving  longterm  follow  up  of  large 
groups  undertaking  exercise  tests. 

Mere  the  question  of  the  PROGNOSTIC  VALUE  OF  EECG  is  raised. 

Figure  28  presents  the  results  of  some  of  these  studies. 


FOLLOW-UP 

PERIOD 

MORTALITY 

CORONARY 

DISEASE 

NUMBER  OF  CASES 

ROBa  MARKS 

10  years 

x  5 

2224 

DIMOND 

5  years 

x  2 

x  3 

153  railway 
employees 

MATTINGLY 

7  years 

X  7 

836  suspected 
coronary  artery 
disease  cases 

BRODY 

4  years 

x  16.6 

756  businessmen 

RUMBALL,  ACHESON 

4  to  7 
years 

x  10 

660  military 
personnel 

BELLET,  ROMAN 

3  years 

x  9 

795  healthy 
ma 1 e  subject  s 
(Bell  Tc r.  Co .  ) 

ELLESTAD,  WAN 

Annual  rate 

x  5.6 

2  700 

FIGURE  28 

Multiplying  factor  (x)  of  the  mortality  risk  or  the  risk  of  coronary  artery 
accident  in  subjects  presenting  positive  EECG  as  compared  with  Normal 
EECG  subjects. 

It  can  be  seen  that  the  risk  of  mortality  or  of  coronary  artery  accident  is 
signi f icant ly  higher  in  positive  EECG  subjects.  The  multiplying  factor  (x)  of  this  risk 
varies  from  group  to  group.  This  doubtless  results  from  the  diversity  of  the  methods,  of 
the  criteria  for  a  positive  test,  of  the  populations  studies,  and  of  the  follow  up  periods. 


Other  studies  provide  data  of  different  types. 

-  DOYLE  and  KINCH  (XI)  repeated  the  exercise  ECG  in  a  group  of  2003 
asymptomatic  subjects: 

after  an  initially  positive  EECG,  they  detected  a  40%  risk  of 
coronary  accident. 

however  if  the  EECG  was  initially  negative  and  became  positive 
during  a  second  test,  the  risk  of  coronary  accident  was  85%. 

-  BLACKBURN  (5)  found  that  a  negative  test  did  not  rule  out  the  possibility 
of  a  coronary  accident  within  five  years  in  a  population  of  males  aged 
between  40  and  55  years. 

As  in  FROEHLICHER ' s  study  (19)  already  referred  to,  this  study  demonstrated  the 
poor  diagnostic  value  of  the  EECG  in  an  unselected  asymptomatic  population. 

However  it  remains  true  that  the  coronary  risk  is  statistically  lower  in  negative 
EECG  subjects  than  in  positive  EECG  subjects. 


V  -  CONCLUSIONS 


The  EECG  must  be  interpreted  in  two  manners 

1 .  For  a  given  individual,  at  a  given  time,  the  EECG  must  be  interpreted  as  follows : 

-  taking  into  account  as  many  criteria  as  possible  which  should  be  systematically 

analysed:  Intensity  of  exertion,  nature  of  ST  shift,  HR  x  BP  product  etc.. 

-  taking  account  of  the  clinical  background  and  laboratory  test  findings 

(aqe,  sex,  associated  risk  factors:  high  blood  cholesterol ,  smoking, 
hypertension . ) . 

2 .  More  generally,  the  EECG  should  not  be  interpreted  as  a  rigid  or  absolute  criterion 
of  the  presence  or  absence  of  coronary  artery  disease. 

It  should  be  interpreted  in  terms  of  the  probability  of  coronary  artery  disease 
or  of  the  fairly  long  term  coronary  risk. 

If  viewed  from  this  double  point  of  view,  it  is  the  most  important  risk  factor. 

It  is  all  the  more  important  to  take  this  factor  into  account  because  there  are  other 
factors  of  coronary  risk. 


In  an  asymptomatic  population  such  as  flying  personnel  and  military  personnel 
in  general,  the  EECG  cannot  reliably  be  used  as  a  means  of  mass  screening  for  coronary 
failure. 


This  is  not  simply  because  of  the  technical  difficulties  that  this  would  imply 
but  also  because  of  the  lack  of  specificity  of  the  test  in  populations  of  this  type. 

-  However,  the  author  believes  that  the  EECG  is  of  diagnostic  value 
for  a  sub-group  previously  selected  from  within  this  population  on 
the  basis  of  the  extent  of  the  usual  factors  of  coronary  risk. 


-  The  EECG  may  also  have  prognostic  value,  which  remains  to  be  established, 
as  an  indicator  of  the  fairly  long  term  risk  of  coronary  accident. 


From  this  viewpoint  the  EECG  is  of 
for  high  occupational  risk  posts  (astronauts, 
whose  future  has  to  bo  planned  for  some  years 


increased  value  for  the  selection  of  subjects 
high  performance  aircraft  pilots  etc...) 
in  advance . 
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1 . I  Recorder 


The  ECG 


is  recorded  by 


means  of 


thoracic  electrodes 


( figure  1 ) 


The  recording  is  made  on 
which  it  should  be  possible  to  mark 
time  base  line  and  an  indication  of 


a  magnetic  chart  which  flows  at  a 
not  only  the  electrocardiographic 
events . 


constant  rate  and 
signal  but  also  a 


on 


1.1.1.  Magnetic  chart: 

At  present  recording  may  be  made  on  : 

-  a  magnetic  tape 

-  or  on  a  cassette. 


The  second  method  is  becoming  more  and  more  common.  It  has  the  advantage  of 
being  easier  to  handle,  but  is  sometimes  said  to  produce  flow  problems  in  recordings  lasting 
for  more  than  18  hours  which  may  interfere  with  the  reading  of  the  cassette. 

One  of  the  drawbacks  to  the  magnetic  tape  system  is  wearing  of  the  pinions  of 
the  motor.  Fortunately  it  is  now  possible  to  replace  these.  The  cassette  driving  system 
may  also  become  worn  and  this  should  be  serviced  after  six  to  twelve  months  of  use.  The 
reel  is  less  easy  to  insert  than  the  cassette  and  an  error  may  result  in  a  failure  to 
record.  This  is  frequent  when  one  begins  to  use  an  apparatus. 


If  the  recordings  are  to  be  kept. 


the  cassette  system  is  less  expensive. 


1.1.2. 


Electricity  supply 


All  instruments  are  fitted  with  an  independent  supply  of  electricity  with  a  life 
span  of  at  least  24  hours. 

-  accumulators  which  must  be  recharged  after  each  usage,  and  this  requires  the 
purchase  of  a  charger 

-  alkaline  batteries 

-  mercury  batteries. 

Some  of  these  batteries  can  be  recharged. 

1.1.3.  Chart  rate  and  time  scale 


One  of  the  main  contributions  of  the  method 
function  of  precise  moments  in  the  patient's  activity, 
a  uniform  chart  rate  of  the  magnetic  charge.  This  is 
low. 

In  the  most  sophisticated  instruments  there 
the  chart  rate  and  the  time  scale. 


is  to  situate  the  ECG  recording  in 
It  is  therefore  important  to  have 
difficult  because  the  speed  is  very 

is  a  quartz  clock  controlling  both 


Figure  2  -  Contracted  recording.  Note  there  is  one  pause. 

] . ) . 4 .  Event  marker 

It  is  also  useful  if  the  subject  under  test  can  indicate  on  the  recording  tape 
a  concise  record  of  events  (symptoms,  emotions,  therapy  etc...) 

When  read,  the  signal  can  be  compared  with  the  ECG  and  the  time  scale. 

The  event  marker  is  operated  by  the  subject  under  test  and  is  either  incorporated 
in  the  control  box  or  else  linked  to  it  by  a  cable  which  makes  it  possible  for  the  subject 
to  have  it  beside  his  hand. 

1  .  I  .  ri .  Number  of  channels 

The  recording  is  made  from  precordial  electrodes  usually  placed  on  the  main  axis 
of  f he  heart  so  as  to  pick  up  maximum  signal  strength. 

Two  channel  recorders  are  more  reliable.  They  record  from  two  leads  and  in  this 

way : 

-  some  parasites  can  be  eliminated 

-  i f  an  electrode  becomes  disconnected  ,  which  can  always  happen  in  a  subject 
asked  to  continue  his  normal  activity,  this  is  less  serious. 
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1.1.6.  Wei gh  t 

The  recorders  weiqh  between  400  and  700  grains,  which  is  generally  held  to  be 
the  maximum  acceptable  weight.  Cassette  recorders  are  generally  lighter  and  can  easily 
be  carried  on  a  belt. 

1.1.7.  Checking  the  signal 

When  the  recorder  is  fitted,  the  signal  recorded  must  be  checked  against  a 
st  andard  ECG  inst  rument . 

By  moving  the  electrodes,  it.  is  possible  to  obtain  a  signal  with  a  voltage 
(greater  than  one  minivolt)  which  the  lector  can  pick  up. 

This  also  makes  it  possible  to  detect  and  eliminate  some  parasites  from  the 
outset  and  to  pinpoint  changes  in  the  recording  in  function  of  the  subjects  position. 

1.2.  hector 


The  lector  is  an  instrument  able  to  identify  normal  QRS  complexes  and  to 
distinguish  them  from  abnormal  complexes. 

This  is  done  after  defining  a  normal  QRS  complex. 

1.2.1.  Definition  of  the  QRS  complex  and  ST  segment 

The  usefulness  of  a  lector  depends  on  the  definition  of  the  program  (normal  QRS).  ^ 

Depending  on  the  type  of  instrument  used,  some  or  all  of  the  following  features  are  taken 
into  account : 

-  duration  of  QRS 

-  amplitude  and  initial  slope  of  QRS 

-  several  (5)  points  on  QRS 

-  the  area  of  QRS 

-  shortening  of  the  interval  between  QRS  and  the  preceding  complex  (prematurity) 

The  performance  of  the  lector  and  the  sophistication  of  the  programme  determine  the 
precision  of  reading. 

At  best,  the  lector  is  able  to  distinguish  the  following  features: 

-  normal  complexes 

-  ext rasystoles  (premature  complexes) 

-  super-vent r icular  or  ventricular  nature  (narrow  or  wide  complexes)  1 

-  wide  but  not  premature  complexes  (Blocks...) 

-  salvos  of  extrasystoles 

-  R/T  phenomena 

-  pauses. 

Depending  on  the  fineness  of  the  tuning  of  the  program,  some  extrasystoles  may 
puss  unrecognized  or  some  parasites  may  be  mistaken  for  abnormal  complexes. 

One  of  the  advantages  of  the  lector  is  flexibility  of  setting  of  the  parameters  '4 

used  as  criteria  of  abnormal  complexes  or  disturbances  of  the  rhythm  .  , 

pel  i n it  ion  of  the  ST  segment  i 

Some  instruments  are  able  to  define  the  normal  ST  segments  by  means,  for  instance,  I 

t  .in  adjustable  brightness  control. 


•  •’  •  Lector  speed  and  time  scale 

Reading  speed  is  60  to  120  times  faster  than  recording  speed.  The  lector 
refer,'  -overs  a  24-hour  tape  in  24  to  12  minutes. 


Figure  3  -  I ,  FG ,  48  years.  Sudden  chest  pains  between  10  and  15  minutes. 

The  "trend"  of  the  heart  rate  shows  an  attack  of  paroxysmal  tachycardia. 
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This  does  not  mean  that  a  tape  is  always  used  within  the  same  length  of  time. 
This  time  varies  in  function  of  the  frequency  of  abnormali t ies ,  the  requirements  of  the 
operator,  the  technical  capacity  of  the  instrument  and  the  quality  of  the  recording. 

As  for  the  recorder,  some  lectors  are  equipped  with  a  quartz  clock  to  set  the 
chart  rate  and  sometimes  to  link  this  to  the  recorder  time  scale. 

The  lector  may  also  display  time  and  some  instruments  are  able  to  seek  and 
analyze  a  given  section  of  the  recording  by  replaying  a  given  period. 

1.2.3,  Screen 

All  lectors  display  some  or  all  of  the  record  on  a  screen  in  various  ways. 


LEG,  48  years.  Same  patient  as 
f i qure  2 . 

Recording  of  an  attack  of 
junctional  tachycardia  (Bouveret). 


Figure  4  B 
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The  ECG  is  displayed  on  the  screen  in  the  form  of  one  iOr  tw  o  or  three  >  heart 
cycles  by  super  imposing  images,  whilst  the  complexes  remain  unchanged. 

The  task  of  the  observer  and  his  skill  lies  in  an  ability  to  spot  even  fleering 
changes  of  the  picture. 

Discont inuon?  display 

The  screen  displays  a  series  of  complexes  lasting  periods  of  20  to  40  seconds. 
The  picture  remains  static  whilst  the  trace  is  stable.  If  any  change  occurs  a  new  scries 
appears.  If  the  lector  does  not  detect  any  abnormality,  the  new  series  remains  ■  r.  Mu¬ 
se  reen . 

Some  instruments  combine  both  systems.  This  allows  the  attentive  observer  to 
spot  abnormalities  on  the  continuous  screen  which  the  lector  may  have  failed  to  detect  . 

1.2.4.  Sound  signal  and  automatic  hold 

Some  systems  can  rectify  any  lack  of  attentiveness  of  the  observe!  by: 

-  cither  a  sound  signal 

*  or  the  automatic  hold  of  the  display  for  a  period  which  may  or  may  not  be 
extended . 

1  .2.5.  Checking  the  reading 

The  lector  may  take  some  artefacts  for  abnormalities  and  transmit  some  as 
such  to  the  automatic  analysis  system  (  see  below)  (e.g.  episodes  of  parasitic 
activity  mistaken  for  tachycardia ) . 

To  the  best  of  the  author's  knowledge,  there  is  only  one  instrument  on  which  it 
is  possible  to  confirm  or  efface  the  passage  of  a  recording  classed  as  abnormal  by  the 
lector.  lining  this  system,  it  is  possible  to  tune  the  QRS  program  at  the  beginning  of 
road i ng . 


1 . 2  .  h  .  The  "Jog”  Funct ion 

When  the  instrument  stops  on  a  change  in  the  record,  it  may  often  be  useful 
to  examine  the  moment  immediately  preceding  or  following  t.his  change.  This  is  made 
possible  by  the  "Jog"  function. 

This  is  usually  performed  by  successive  fractions  of  variable  lengths  ibotwocn 
40  seconds  and  several  minutes)  .  Theoretically,  it  is  possible  tc  check  any  part  of  the 
record  but.  since  this  is  a  fairly  complex  manoeuvre  it  is  a  fairly  lengthy  procedure. 

1.2.7.  Paper  recording 

It  is  necessary  to  be  able  tc  record  some  abnorna 1 1 t les  m  the  results  on  paper 
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Figure  5  -  ESC,  7 1.  years.  Chest  pain  and  lipothymia  at  rest. 
Moderate  ST  depression. 


Recording  possibilities  vary  from  instrument  to  instrument: 

-  total  and  continuous  recording 

-  total  but  discont inuous  recording  l of  sections  lasting  a  few  tenths  of 
a  second  at  intervals  of  ten  minutes  or  so) 

-  theoretically  it  is  possible  to  record  on  a  paper  chart  but  this  implie 
a  somewhat  lengthy  process 

-  "contracted"  recording.  It  is  possible  to  record  at  a  very  low  chart 
rate,  with  an  hour  to  each  page,  by  means  of  optic  fibres  (figure  2) 

-  the  most  sophisticated  instruments  provide  automatic  recording  of 
pre-selected  abnormal i t ies  (pause,  extrasystoles...)  at  standard 
(25  mm/sec)  or  high  speed. 


Figure  6  -  ESC,  71  years.  Same  patient  as  figure  4. 

Ischaemic  ST  depression  on  first  channel. 


1.3. _ Automat ic  Analysis  (computerised) 

Once  the  lector  has  recognised  the  recording,  various  parameters  can  be 
analysed  automat ical ly  by  the  computer  system  and  a  printout  provided  : 

-  either  in  graph  or  diagram  form 

-  or  as  a  diagnostic  summary 

Different  instruments  offer  various  possibilities. 

1.3.1.  Numerical  data 

-  heart  rate,  maximum,  minimum,  mean 

-  number  of  whole  complexes 

-  number  of  ventricular,  supra-vent r icular  extrasystoles 

-  number  of  doublets,  triplets 

-  R/T  complexes 

-  premature 

-  RR  interval  above  or  below  a  given  value 

-  pauses,  bradycardia,  tachycardia  etc.... 


Graphs  anil  diagrams  i  f  unars  2  to  12! 

Many  parameters  ran  he  represented  in  graphical  or  diagrammatic  form. 

The  ivs*  at  i  '.'Ti  ol  the'  RR  interval  is  often  presented  in  the  form  of  a  bar  histogram. 
■"Cans  are  made  up  of  bars  represent  ing  the  mean  RR  during  a  five  or  ten  minute 

-me  i-xpe:  is  r  eg  . ;  :  t  d  to  decipher  these  diagrams ,  but  once  mastered  they 

t;  .  i  d« '*•.•«•»  .  r:  •  t  t;sr  rr  Kinoes  of  rhythm. 

Va  jr.  .  !  i  *.g  »_!!..*• 

:  •  —  iv '*■  T  *  s*  :  at  bars  sugges*  i  ng  abnormality  and  to  examine  them 

♦  ht  .  •  • ;  •  *  r  .  >sS  »!;;«•  by  *  be  magnifying  effect  which  is  sometimes 

*  .  ♦  r.  •  :  •  r"  !.!;•*.  r.  .  !  ♦  ;  s  particularly  useful  to  have  a  lector  able  to 

i  e  :  i  r  r  ■  .  ~ *  he  •  i  r.r  of  record  i  ng  ( See  1 1  -2  )  . 


i  rcj  resented  by  a  line  made  up  of  series 
v*  :  a  f  ;vp  minute  period  around  a  base  line. 


HISTOGRAM  OF  DEVIATIONS  :  220 OH  to  0200H 


Figure  7  -  Athlete  aged  30  years,  referred  because  of  intermitter 
PR  prolongation. 

RR  histogram  shows  spreading  at  the  base  (  occasional  ler 
RR). 
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1.3.3.  Diagnostic  aid 

The  most  sophisticated  systems  even  provide  a  synthetic  summary  and  diagnostic 

pointers. 

The  program  has  to  be  sufficiently  specific  to  avoid  errors  in  reading  and 
sufficiently  complex  to  detect  all  abnormal it ier .  This  system  requires  a  totally 
reliable  instrument  and  this  may  not  yet  be  available. 


IN  SUMMARY 

Specific  criteria  can  be  required  of  the  various  instruments  provided  by  the 
manufacturers.  But  it  is  difficult  if  not  impossible  to  draw  up  an  absolute  “league  table" 
of  instruments. 

Their  selection  is  based  on  the  use  which  one  intends  to  make  of  them;  research, 
or  clinical  (particularly  rhythm  disturbances,  coronary  failure).  The  decision  is  also 
influenced  by  the  availability  of  the  physicians  who  are  to  use  it  and  of  their  experience. 

The  authors  are  worried  by  the  danger  of  widespread  use  of  fully  automated 
systems  where  the  physician  is  not  involved. 


Figure  8 


The  same  patient  as  in  figure  1. 

The  histogram  shows  very  long  RR  at  about 
2325  hours  and  0225  hours. 
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II  -  VALUE  AND  EXPERIENCE  ACQUIRED  IN  CARDIOLOGY 

The  Bolter  method  of  continuous  ECG  monitoring  of  the  active  subject  made  it 
possible,  as  clinicians  had  long  hoped,  to  correlate  paroxysmal  functional  disorders 
(loss  of  consciousness,  pain  etc...)  with  ECG  modifications. 

The  method  is  now  very  widely  used  and  has  proved  very  valuable.  Many  studies 
have  been  and  continue  to  be  performed  to  investigate  this  method  which  continues  to 
bo  highly  relevant . 

We  cannot  hope  to  list  all  such  studies.  we  will  present  the  main  indications 
for  the  method  as  we  listed  them  in  a  previous  article  (29). 

In  asymptomatic  subjects 

The  method  is  useful  particularly  in  order  to  establish  the  limits  of  the  normal 
range.  Extensive  studies  of  all  age  groups  have  been  carried  out  (2-6). 

These  studies  have  established  the  high  frequency  of  sinus  function  disorders 
in  young  subjects  during  sleep  and  the  high  percentage  of  ventricular  arrhythmias  in  the 
elderly.  Some  of  the  abnormalities  detected  have  established  the  importance  of  rhythm 
disturbances  in  the  etiology  of  sudden  deaths. 


•I  Ml  \ 


Figure  9  - 


Same  patient  as  in  figures  6  and  7 

Actual  size  recording  of  the  pause  detected  in  the  RR 
histogram,  figure  7. 


Bottom  right,  contracted 
recording  over  40  sec. 


The  symptomatology  may  be  predominantly  cardiac-  (palpitations),  irregularities 
of  rhythm  or  neurological  ;  lipothymia,  vertigo,  syncopy,  or  actual  loss  of  consciousness 

This  method  of  recording  over  a  24-hour  period  is  of  greater  diagnostic  value 
than  a  standard  ECG  even  if  fairly  prolonged  (15). 

The  method  may  seem  disappointing  both  because  many  malaises  are  devoid  of  any 
accompanying  disturbance  of  cardiac  rhythm  and  also  because  in  order  to  be  of  value, 
it  would  be  necessary  to  record  during  the  symptoms  (3-7). 

However,  some  authors  report  25%  of  cases  in  which  symptoms  did  occur  during 
continuous  recording  (18). 

Other  statistical  data  show  that  up  to  34%  of  arrhythmias  were  detected  which 
were  classed  as  severe  and  required  the  fitting  of  a  pacemaker.  (14-25). 
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Figure  10 


Overall  24-hour  results  showing  pauses  and  prolonged  periods  (LP  ) 
Same  patient  as  figures  6,  7  and  8. 
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SUMMARY  TABLE 
(5  MIN  INTERVALS) 

E  RR  HISTOGRAM  PREMATURITIES  PATE  T 


WIDE  NARROW 


Figure  l l  -  MAI,  48  years.  Ischaemic  heart. 
History  of  infarctus. 

Recording  from  0905  hours  to  1505  hours 
Very  frequent  ext rasystolcs . 
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SUMMARY  TABLE 
(5  MIN  INTERVALS) 

F  RR  HISTOGRAM  PREMATURITIES  PATH  K 


WIDE  NARROW 


Figure  1 2  -  Same  patient  as  figure  LO.  Night-time  recording: 

0310  h  to  0840  h. 

Comparison  of  the  two  recordings  reveals  that  the 
ventricular  extrasystoles  were  related  to  tachycardia 
and  to  activity  in  general.  When  resting  during  the 
night,  cardiac  function  decreased  and  the  ventricular 
ex» r asystoles  became  less  trequent.  When  activity 
was  resumed,  cardiac  function  increased  and  ES  reappeared. 
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k;  i'H'st  it>!  i  runs  it  ary  roronai  y  failure 


In. net  rod  is  obviously  of  value  m  some  st.ee  l  f  1  e  cor:;*  mcis:  P:  ;n*.*" 
an  Tin, j,  ;s;s  '  i  i  ..Morcd  by  particular  stress  swuat  ions,  elderly  or  ho:  « ■  t  r  er.  s  .  v*. 

This  method  is  not  an  alternative  to  ROM  but  Mcvid.es  ‘.si'-t:-.  add:*  : 

The  Hop.  1 1  al  BROl’SSAIS  tear.  (24)  have  reported  *  ho ;  i  f  :  i.  : ;  r;-;s  -*  e  ir-  . 
between  a  positive  KOI.TER  test  and  coronary  lesions  and  between  a  r.'ia*  rc.  -I  T  :• 

•he  absence  of  coronary  lesions. 

Studies  comparing  rhythm  disturbances  recorded  during  an  ex,*  c .  s*'  t, 
dr.  i  i  rv:  a  24-hout  continuous  IX’C ,  show  little  cord  rad  i<->  *  on  with  res: 
j  e  I  : . i b  l  1  :  t  V'  <’f  t  ho  t  wn  met  hods  (22.il’. 


However  it  would  see:.:  that  different  typos  of  abr.M  ria  1  ;  ?  y  ‘  :  '• 

w<  ds .  The  HOTTER  method  would  soon  to  be  very  uselu  1  in  specific  :  syri. 

•  jess  situations  (for  instance  driving  a  motor  car...). 


Pat  i  >  nits  presenting  vent  r  icu  1  .o-  ,  xt  rasystolos 

This  is  particularly  useful  in  the  investigation  of  *  he  iisk  <>»'  sudder. 
m  pa*;er;ts  with  ventricular  excitability  d  i  st  urbances . 

I  h  ;  s  has  made  it  possible  *o  detect  totally  asymptomatic  vent  r  ic.i  l  ar  •  ael.ycui  ** :  a 


c'or re lat  ions  have  been  established 
frequency  of  extrasystoles,  their  coupling, 
-reserve  ot  R  or  T  phenomena. 

The  influence  r»f  t hose  ventricular 
varies  eat  ly  depend *  ng  wire  t  her  the  heart 
ot  myocardial  infarct  mu 


between  the  onset  of  such  episodes  and  *  he 
their  uni-  or  multi-focal  character  and.  •  he 

arrhythmias  on  the  risk  *  sudden  do. ifh 
s  apparent  ly  heal  t  icy  or  if  there  -s  a  n  i  s'M) 


P a t  tent  s  w  :  th  a  ti  j  story  •  d_  l nfarct  10 r. 


Many  studies  have  investigated  the  frequency  of  d  i  sf  urbances  of  r  by*  hm,  the 
rrost  likely  t  ime  of  onset  and  the  proqnos*  u-  significance. 


All  these  studies  confirm  the  frequency  of  such  disturbances  of  rhythm  bo*  h 
during  t  he  iritini  phase  and  that  of  t  lie  first  month  following  necrosis.  I*  has  been  s’,  -wr. 
f  hat  masked  abrn'rmaln  ie$  of  verb  r  l  cul  ar  excitability  affect  *  he  vital  prognosis  .  ■*  *  h.e 
pat  i!-r,f  in  which,  they  <,ccur  . 
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Figure  B  -  OBR.  Same  pat  lent  as  fiqure  A 

No  ST  depression  on  first  channel 


The  ambulatory  ECG  is  also  a  useful  method  of  monitoring  the  eoronar 

put  lent  during  the  rehabilitation  period  and  provides  a  fairly  reliable  assessment,  of 
t  lie  adaj' at  ion  of  the  cardiovascu lar  system  to  the  exert  ion  required  (81. 

Vu r  i ous  cardiac  disorders 

Attempts  have  been  made  to  evaluate  the  risk  of  sudden  death  in  both  obstruct  :v 
and  non-obstructive  myocard lopat hy  (23). 

These  have  demonstrated  the  frequency  of  rhythm  disturbances  in  the  obstruct  ivc 
form  and  the  influence  of  episodes  of  ventricular  tachycardia  on  the  risk  of  sudden  dour 

A  detailed  study  of  rhythm  in  mitral  prolapse  (2(>)  has  been  carried  out  . 

This  has  shown  the  high  frequency  of  such  disturbances  i  r.  some  patterns  and  the  rorrrldt  i 
of  this  feature  with  the  repol ar l sat l on  abnormal  it  ios  long  detected  in  BARLOW's  syndrome 
Routine  24-hour  ECG  monitoring  is  suggested  by  several  authors  for  tins  eondit  ion. 

Fva 1 n ation  of  therapy 

This  is  the  major  indication  for  this  method  which  provides  four  • ypos  ot 
i n format  1  on : 

-  concerning  the  efficacy  of  ant  larrhyt  hmies,  which  car.  r.«>  lonqoi  t.u  cons  i dor  ed 
without  fairly  prolonged  ECG.  Statistical  methods  have  es*  at  :  shed  certain  ci  it.eria  wh  i 
ilononsf  rate  ant  i  arrhyt  hmic  activity  (20-21  -28  >. 

If  the  time  of  medication  is  accurately  toot  i  i.d,  w  ho.i  can  a  1  sr  be  use: 

‘  o  determine  the  speed  and  duration  of  action  of  t  s.e  it  :  i  •*  r-  which  influence  ‘he 

nature  of  prescription  (12-13). 

-  r.-on  i :  or  ir.g  of  heart  pacemakers. 

Intermittent  malfunction  is  often  difficult  *  c  lemons*  t  at  e  and  requires  pro  long- 
invest  igat  ion  pavinq  part  lcular  at  ten*  ion  to  changes  d  :■  s;»  mr.  ■  *  he  j.iat  ir-nt  .  a 

continuous  ECG,  especially  if  it  covers  the  period  of  any  malaise  which  may  occur ,  may 
provide  new  information  very  helpful  in  defecting  the  faul*.  The  method  may  a’so  reveal 
seme  arrhythmias  produced  by  the  pacemaker  and  not  detected  by  f  he  patient  <  2  ? . 

The  treatment  of  coronary  artery  disease  pat  ion*  s  should  also  be  monitored  both 
with  respect  to  efficacy  on  any  repo  1 ari sat  ion  disorders  and  on  rhythm.  Such  monitoring 
should  be  performed  under  more  phys 10 1 oq ica 1  conditions  than  those  of  the  exercise  ECG. 

-  the  car  d  lot  ox  ic  i  t  y  of  drugs  can  to  some  extent  be  assessed  by  their  effect  or. 
heart  rhythm  and  repol ar i sat  ion . 
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CHAPTER  4 B 


THE  HOLTER  METHOD 
IN  AERONAUTICAL  MEDICINE 

by  G.  Leguay*  and  A.  Seigneur ic* 


The  small  number  of  publications  dealing  with  continuous  ECG  recordings  m 
aeronautical  medicine  is  in  marked  cont.  ast  to  the  wealth  of  literature  concerning  the 
use  of  the  method  in  cardiology. 

Most  of  the  publications  wh  ch  have  appeared  deal  with  pilots  of  transport 
aircraft  only. 

Sometimes  only  the  heart  rate  was  determined.  Such  studies  are  essentially 
ergometric  and  assess  the  work  load  from  the  heart  rate  (3). 

Other  studies  involved  only  very  small  numbers  of  subjects  (1-4  cases)  or 
relatively  short  periods  (1-8  hours). 

Others  again  arc  purely  technical  research  into  instrumentation  (5,6,8) 

The  large  number  of  criteria  of  normality  defined  for  flying  personnel  is 
recognised  as  one  of  the  problems  posed  by  the  immediate  use  of  the  method  (1). 

The  method  is  of  use  in  various  fields  of  aeronautical  medicine. 

1 .  Study  of  cardiac  performance  of  pilots  during  flight 

This  type  of  study  may  concern: 

-  the  fighter  pilot  subjected  to  extreme  accelerations 

-  the  pilot  of  transport  aircraft  subjected  to  disturbances  of  the  circadian  rhythm. 

The  authors  believe  that  the  question  of  tolerance  of  acceleration  is  of  great 
importance.  Many  studies  are  currently  devoted  to  tolerance  of  the  high  accelerations  tc 
which  the  pilots  of  new  generations  of  fighter  aircraft  will  be  subjected  (9,10,11). 

The  HOLTER  method  makes  it  possible  to  record  the  electrical  activity  of  the 
pilot's  heart  during  all  the  operations  of  the  different  types  of  mission  (taking  off, 
landing,  aeronautical  display,  accclcrat ion,  low  or  high  altitudes  etc...) 

2 .  Defining  criteria  of  normality 

It  is  possible  to  define  criteria  of  normality  from  data  gathered  from  a 
sufficiently  large  population. 

The  appearance  and  frequency  of  ventricular  extrasystoles  at.  certain  levels  of 
acceleration  for  instance. 

Tachycardia  during  landing,  taking  off  etc... 

3 .  Pilot  adaptation 

Just  as  for  instance  the  degree  of  training  of  an  athlete  can  be  monitored  from 
the  ECG,  so  too  some  ECG  features  will  reflect  the  adaptation  of  flying  personnel  to 
f-i'Jncj. 

Vagal  tone,  for  instance,  is  known  to  be  modified  by  aeronautical  experience 
(12)  and  can  bo  used  to  estimate  the  degree  of  adaptation.  ECG  provides  a  good  indication 
of  vagal  tone. 

The  three  points  of  interest  considered  above  arc  also  amply  documented  by 
continuous  ECG  monitoring  during  space  flights  (13-14). 

The  following  have  been  defined: 

-  Specific  ECG  changes  in  space 

-  The  frequency  and  usually  good  tolerance  of  some  disorders  (ventricular  ext rasyst oles ) . 

Analysis  of  the  ECG  and  of  the  changes  it  undergoes  has  lea  to  alterations  of 
the  schedule  of  work  and  rest  periods  . 

Somewhat  paradoxical  1  y ,  the  research,  concerning  cosmonauts  has  yet  to  be  done  in 
aircraft  pilots. 

4 .  D  xagnostic  tool  and  cert l f  icat ion  of  fitness.  Air  safety 

Three  fields  of  cardiology  pose  special  problems  of  flying  fitness: 

-  ext rasyst oles 

-  minor  conduction  disorders 

-  primary  repolansat  ion  disorders 

In  general,  these  problems  arc  mild.  However  they  must  be  distinguished  from  the 
occasional  severe  case.  In  flight  ECG  may  be  useful. 
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Such  a  method  would  not  be  to  the  detriment  of  the  pilot  tested.  The  inflight 
pattern  of  the  disorders  listed  is  still  unknown  and  so  the  examining  expert  tends  to 
be  severe,  rightly  stressing  AIR  SAFETY. 

Conf lrwat ion  of  qood  cardiac  tolerance  of  flight  is  a  feature  which  contributes 
to  AIR  SAFETY  and  is  useful  in  fitness  assessment. 

The  inflight  use  of  the  HOLTER  method  could  also  be  exploited  to  assess  currently 
used  expert  report  tests  such  as  the  human  centrifuge. 

The  method  would  also  provide  information  concerning  the  wide  field  of  INFLIGHT 
MALAISES.  Here  too,  it  would  contribute  to  AIR  SAFETY. 
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CHAPTER  5 


CONTRIBUTION  OF  STANDARD  X-RAY 
TO  CARDIOVASCULAR  EXPLORATION  DURING  THE 
CLINICAL  EXAMINATION  OF  FLYING  PERSONNEL 

by  M.  Puech*  and  P.J.  Metges  ** 


I  Teleradiography  and  televised  fluoroscopy  of  the  heart  are  combined  within  a  battery 
of  complementary  cardiological  examinations  . 

We  will  present  the  non-invasive  radiological  methods  used  in  the  expert  examination 
of  FP  and  discuss  normal  results  and  the  contribution  of  these  methods  in  some 
abnormal i t ies  which  are  usually  slight  but  which  may  pose  problems  concerning  fitness. 

II  RADIOLOGICAL  METHODS 

A )  Cardiac  Roentgenography 

This  method  provides  objective  and  reproducible  information  concerning  the  shape  of  the 
heart.  The  method  is  accurate  and  completely  reproducible  but  accurate  and  completely 
reproducible  technical  conditions  are  required: 

(1)  Four  posit  ions  are  used: 

-  frontal 

-  left  lateral 

-  left  anterior  60°  oblique 

-  right  anterior  50°  oblique 

These  determinations  are  carried  out  with  the  apparatus  sot  at  a  given  angle. 

(2)  The  X-rays  are  taken  following  deep  inspiration  with  the  subject  upright. 

(3)  In  order  to  offset  photographic  enlargement,  the  distance  between  the  focus 
and  the  film  should  be  at  least  two  metres.  In  conventional  chest  X-ray  the  distance  is 
less  than  1  metre  and  this  explains  the  usual  distortion  of  the  heart  outline.  Under  such 
conditions,  cardiomegaly  is  frequently  falsely  concluded  and  any  localised  abnormality 
detected  must  be  confirmed  by  tele  roentgenography . 

(4)  Barium  sulphate  opacification  of  the1  oesophagus  is  routine  because  of  the 
close  contact  between  the  posterior  border  of  the  left  atrium  and  of  the  aortic  nob  with 
the  oesophagus. 

(5)  High  voltage  (1 20  Kv)  is  always  used,  this  provides: 

-  minimal  exposure  time 

-  visualisation  of  the  heart  and  mediastinal  lines. 

IN  CONCLUSION  basic  X-ray  examination  involves  fou:  X-rays  taken  under  high  voltage 
after  barium  opacification  of  the  oesophagus.  This  senes  of  four  roont  qonograph  it 
positions  is  easy  to  carry  out  and  reproducible. 

B )  Heart  Fluoroscopy 

is  always  carried  out  with  brightness  amplification. 

The  display  period  is  short  so  that  the  patient  is  exposed  to  minimal  irradiation. 

It  is  useful  to  record  the  findings  on  a  videotape  since  this  provides  a  document  v;hieh 
can  be  studied  at  leisure  and  allows  for  holding  of  a  particular  image  or  replay  of  some 
sect  ions . 

The  performance  of  the  examination  is  provided  by  the  information  provided  by  the  expert 
physician  and  by  the  findings  of  standard  X-rays.  The  following  procedures  should  be 
carried  out : 

(1)  Analysis  of  the  contraction  of  the  left  ventricle  shown  from  the  frontal  and 
two  obi ique  angles:  the  kinetics  of  the  antcro- lat oral  walls  and  the  tip  of  the  heart  is 
analysed  from  frontal  and  right  anterior  oblique  angles,  that  of  the  lateral  wall  and 
posterior  wall  from  the  left  anterior  oblique  . 

(2)  Study  of  the  kinetics  of  the  trunk  of  the  pulmonary  artery  from  the  frontal  and. 
slight  (30°)  oblique  right  anterior.  The  systolic  expansion  of  this  segment  should 
routinely  be  investigated  and,  can  confirm  a  diagnosis  of  interatrial  communication. 

(3)  Study  of  the  expansion  of  the  ascending  aorta  in  a  left  oblique  position. 

(4)  Assessment  of  an  abnormal  and  paradoxical  expansion  of  the  left  atrium  in  a 
left  anterior  oblique  position  signifying  mitral  failure. 

(5)  Routine  screening  for  cardiac  calcification.  Investigation  of  their  form, 
appearance  and  mobility.  The  etiology,  coronary,  mitral  or  aortic  valvular,  endocardial, 
myocardial  or  pericardial  origin,  is  also  dicussed. 

IN  CONCLUSION  Televised  fluoroscopy  with  video  recording  provides  much  informal  i  nr.  bu  ■ 
must  be  used  methodically  and  carefully  in  order  to  analyse  the  shape  and  dynamic  features 
of  the  heart  cavities,  the  aorta,  of  the  pulmonary  arter’es  and  to  obtain  information 
useful  to  the  examining  physician. 

*  Medecin  Principal,  head  of  the  Radiology  Unit  of  CPFMPN 
**  Medecin  en  Chef,  head  of  the  Radiology  Unit  of  II. I. A.  BEGIN 
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is  m  j  r.: '>"»r  •  cir.t  par  air  m  or  but  difficult:  to  calculate  and  of  relat  lvr  valuo.  1;  snoui 
»:r.pnred  vvi'i;  ot  h.ru'  [Mr  ae  1  i  n  1  cal  examinations.  The  large  number  of  methods  avail  illo 
Mb's  *  hat  none  is  totally  satisfactory.  Vie  will  mention  only  three  suer,  methods. 

■  •  J'he  oa  t  d  i  or  horae  i  c  index: 

'tauioci  or.  a  frontal  chest  film  by  dividing  the  maximum  transverse  cardiac  diamcer 
i<*  maximum  transverse  thoracic  diameter, 
rat  -,*i  is  always  less  than  or  equal  to  50% 

2  i  The  cardiac  surface  area 

il culated  in  a  frontal  position  from  the  following  equation: 

S  KxLx 1  (figure  2i 

4 

S  is  expressed  m  cm2 
K  is  the  maqn i f icat  i on  factor 

"l."  is  the  longest  diameter  of  t  !io  heart  (about  12  to  i  5  cm  in  adults!  between  the 
of  the  heart  and  the  junction  between  ‘ho  right  atrium  and  the  superior  vena  cave 
i*  [) '  • 

"l"  is  the  short  diameter  of  the  heart  between  the  right  cardiophren ic  angle 
ic  junction  between  the  left  ventricle  and  the  trunk  of  the  pulmonary  artery  (point  (.; 1 

The  surface  area  of  the  hear*  is  usually  expressed  relative  to  the  body  area  deduced 
tables  giving  *  he  body  weight  and  height  of  *  he  subject:  the  normal  area  of  the 
ranges  bo’ ween  5 1  and  7 *'  c m 2 / rr. .? . 

-  i  ■  The  hear*  volume:  (figures  and  3).  y  Kxi.xlxd 
vos  u  new  parameter  "d",  the  ap.»  et  e-post  er  lor  diameter  of  the  heart  which,  :  r.  t  lie 
al  position,  is  the  length  of  i  horizontal  line  between  the  most  anterior  point 
lie  most  posterior  point  on  *  ho  beat  t  silhouette. 

The  volume  is  also  expressed  tela?  ivo  to  the  body  sut  fact-  area  and  should  be 
than  a  40  ml/ m2. 

lor  rra  l  curd  i  ova  sc  u  1  a  t  s  i  1  houet  •  e 

our  positions  t e 1 eroent gonograph  of  the  heart  with  barium  opac if icat ion  of  the 
>haqus  distinguishes  the  four  cardiac  cavities. 
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SIOR  OBLIQUE  (50°)  :  figure  4 
\L  VIEW  OF  THE  HEART 
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Trunk  of 
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Anterior  border 
upper  arch  :  ascending  aorta 
medium  arch  :  trunk  of  the  pulmonary 
artery 

lower  arch  :  right  ventricle 

Lower  border  from  back  to  front 
inferior  vena  cava 
right  atrium 

fillinq  chamber  of  right 
ventricle. 

Posterior  border:  almost  vortical 
lower  arch  :  left  atrium 
right  atrium 

upper  arch  :  vascular,  poorly  defined. 


LEFT  ANTERIOR  OBLIQUE  (60°)  figure  5 

true  side  view  of  the  heart 

the  piano  of  the  i  tit  rrvont  r  icu  1  a 
septum  is  parallel  to  the  X-rays 
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THE  HI  LI’S  AND  PULMONARY  VASCULAR  J  RATION 
h l 1  ns i 

-  omoi genco  of  r  ho  pulmonary  arteries  when  leaving  t  ho  mod  last  in 

-  in  9  7’i  of  cases,  the  loft  hilus  :s  0.r>  to  .?  cm  higher  than  the 
r  j  cjht  hi  lus  . 

pulmonary  vascular i sat  ion 

-  investigation  of  vascular  d  l  st  r  i  bu  t  i  or. 

Ml  The  vascularisat.  ion  is  analysed  yuant  i  t  at  ivo  ly  at.  the  upper,  median  and  low**: 
of  the  lungs.  Normally  in  the  upright  position,  the  base  of  » ho  lungs  receives 
double  the  perfusion  of  t ho  upper  lung.  However,  in  the  decubitus  position,  the 
f 1 ow  to  the  upper  and  lower  lungs  becomes  oguai. 

'  The  vascular  isat  Kin  is  analysed  in  the  hilar  region,  t  ho  median  ;:ones  and 
i iphornl  zones  near  the  pleura.  Normally  the  vascular isa' ion  becomes  invisible 
'•.thin  f  fie  periphery. 

‘•(1NTRI  BUT  I  ON  OF  THE  DIFFERENT  POSITIONS 

In  practice,  although  t  ho  four  basic  posit  ions  are  complementary,  they  may  ;v~> 
be  i  nd  i  spens  i  bio  .  The  following  •  ab  to  summarises  the  usefulness  of  *  he  posit  ion 
i  •  le  n  t  1 1"  i  c  a  t  i  on  of  the  va  non  s  c  a  v  j  t  i  c  s . 
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VARIANTS  OF  THE  X-RAY  F 1 l.M  OF  THK  NORMAL  HEART 
t  and  thoracic  hint  vw’ 


rho  if  aneo  m  the  cardLac  s  1 1  hour  t  t  o  is  influenced  by  the  shape  of  the  thorax. 

*  •*  hr-  ivft;  \i'.  heart  in  r  he  iong  thorax: 

-  »  he  heart  is  small,  1  onij  and  narrow,  and  virtually  median  in  position. 

The  heart  appears  "drop like". 

*t  *  he  horizontal  heart  m  the  short  thorax: 

-  i  n  a  small  i:.iu  ,oct  ,  often  obese.  The  heart  rests  on  the  diaphracim 
*■♦+  *  ru*  heart  in  thoracic  deformat  ion: 

:  i  trie  heart,  in  st  raniht  back : 

,  sj/.mjht  back  is  defined  as  an  absence  of  dorsal  kyphosis. 

.  in  tie  frontal  incidence  the  heart  seems  to  be  increased  in  size,  and 
j  h: own  over  to  the  lef t  . 

The  apex  is  low  down  and  near  to  the  axial  wall 
The  right  margin  is  projected  on  ’-o  the  spine 

11  j  the  heart  in  dorsal  kyphosis 

.  the  heart  is  viewed  from  the  apex  as  if  in  left  anterior  oblique 
.  the  lower  part  of  the  heart  cannot  be  distinguished  from  the  opacify 
of  the  diaphragm 

ill*  *  he  heart  in  dorsal  scoliosis 

.  dorsal  scoliosis  produces  deformation  of  the  rib  cage  and  affects  r he 
shape  of  the  cardiac  silhouette 

.  in  general  the  heart  is  situated  in  the  concavity  of  the  scoliosis. 

.  in  the  frontal  film  it  is  right  anterior  oblique  in  scoliosis  with  right 
convexity  and  left  anterior  oblique  in  scoliosis  with  left  convexity. 

iv)  the  heart  in  "funnel"  thorax: 

.  the  mass  of  the  heart  is  compressed  wit.  Inn  the  rib  cage  and  rotated  into 
a  slightly  right  anterior  oblique  position  : 
the  size  of  the  heart  appears  to  be  increased 
.  the  position  of  the  silhouette  assesses  the  extent  of  sternal  depression. 

b 1  Physiological  factors  affecting  the  shape  and  size  of  the  heart 

When  the  diaphragm  descends  during  inspiration,  the  heart  becomes  vertical  and  appears 
smaller.  This  situation  is  reversed  during  expiration. 

Any  process  affecting  the  position  of  the  diaphragm  alters  the  appearance  of  the  cardiac 
s  i  lhouet  t  c . 

c )  Athletes  heart 

raises  the  question  of  the  isolated  enlarged  heart  which  may  take  two  forms: 

-  globular  heart: 

vertical  and  symmetrical  positioning  of  the  heart 

-  "left"  heart : 

appearance  of  left  ventricular  hypertrophy  with  a  cardiothoracic  index  at  the  upper 
limit  of  normal. 

d )  African  heart 

The  examining  expert  may  sometimes  encounter  an  asymptomatic  heart  with  a  cardiothoracic 
index  at  the  upper  limit  of  normal. 

Apart  from  this  index,  the  shape  and  haemodynamic  features  of  the  heart  are  normal. 
Complementary  examinations  should  be  carried  out  to  exclude  incipient  primitive  myocardio- 
pathy  and  to  confirm  the  athlete's  heart  or  "idiopathic"  cardiomegaiy ,  frequently  found 
in  the  tropics. 


IV  THE  DISEASED  HEART 

We  shall  discuss  only  minor  abnormalities  such  as  are  actually  found  during  examinations 
for  the  fitness  of  flying  personnel. 

( 1 )  Congenital  heart  disorders 

Some  may  be  well  tolerated  and  so  encountered  during  examinations  of  personnel.  Radiology 
may  provide  the  expert  with  very  valuable  diagnostic  information: 


-  interatrial  communication 

.  slight  dilatation  because  of  overloading  of  the  right  cavity  and  of  : he  trunk  of 
the  pulmonary  artery  which  presents  marked  and  significant  systolic  expansion 
when  viewed  on  televised  fluoroscopy. 

.  the  left  cavities  are  normal 

.  there  is  pulmonary  hypervascul isat ion  due  to  excessive  supply  (shunt). 


nterventncular  communication 

.  slight  hypertrophy  of  the  left  cavities 
.  right  cavities  unaffected 
.  pulmonary  hypervasculari sation 

coarctation  of  the  aorta  characterised  by: 

.  unfurling  of  the  aortic  arch  to  a  ”3”  shape  (visible  in  frontal  and  left 
anterior  oblique  films)  or  variants  of  this,  the  cause  of  which  may  not 
be  evident . 

.  signs  of  left  ventricular  hypertrophy 

.  later,  the  typical  costal  nicks  become  visible  on  the  posterior  arches  of  the 
first  ribs. 


> ) 


Acquired  valvular  heart  disease 


-  4-position  teleroentgenography  detects  any  increase  in  one  or  more  of  the  cardiac 
cavities.  With  other  exploratory  methods,  it.  can  be  used  to  investigate  the  pulmonary 
and  cardiac  effects  of  valvular  disease. 

-  televised  fluoroscopy 

investigates  the  kinetic  features  of  the  various  cavities. 

detects  ca lei f icat ion  of  mitro-aortic  orifices  and  investigates  their  appearance, 
site  and  mobility. 

This  study  is  carried  out  in  frontal,  lateral  and  slightly  right  anterior  oblique  positions. 

It  should  be  recalled  that  mitral  calci f icat ions  are  projected  within  the  postero¬ 
lateral  region  of  the  cardiac  mass.  They  rise  during  diastole  and  fall  during  systole. 
Aortic  calcifications  are  in  a  higher  and  more  anterior  site  than  mitral  ones. 

Mitral  calcifications  move  in  a  horizontal  plane  whereas  aortic  calcif icat ions 
move  in  a  vertical  plane  or  a  more  complex  movement  described  as  "dancing".  The 
amplitude  of  the  movement  varies  between  0.5  and  1  cm. 


3  ) 


Ischaemic  heart  disease 


The  usual  X-ray  examination  method  does  not  normally  provide  any  helpful  information. 
Televised  fluoroscopy,  possibly  with  video  recording,  is  of  great  value  in  the 
diagnosis  of  parietal  aneurism. 

i 4 )  Obstructive  car d i omyopathy 

-  often  poses  problems  of  diagnosis  and  fitness  to  the  expert,  physician. 

-  standard  X-ray  may  often  be  normal,  but  may  present  : 

.  moderate  cardi omegaly  of  the  left  ventricle 

.  the  virtually  universal  absence  of  dilatation  of  the  ascending  aorta. 

-  televised  fluoroscopy  confirms  the  absence  of  calc i f icat ion  of  the  aortic  valves 
but  diagnosis  of  obstructive  cardiomyopathy  is  based  above  all  on  echocardiography.  The 
indications  for  this  technique  contr  le  to  expand  and  the  method  has  also  revolutionised 
the  diagnosis  of  mild  pericardial  effusion. 


CONCLUSION 

In  the  cardiological  assessment  of  an  expert  examination  of  flying  personnel, 
four-position  teleroentgenography  and  televised  fluoroscopy  remain  the  usual  methods  for 
the  analysis  and  kinetic  investigation  of  the  cardiovascular  silhouette  and  pulmonary 
vascular i sat  ion . 

But  this  examination,  which  was  previously  the  fundamental  if  not  the  only  method, 
is  now  part  of  a  battery  of  complementary  tests  in  an  up  to  date  investigation  intended  to 
provide  even  greater  reliability  in  the  assessment  of  fitness  for  flying  of  flying  personnel. 
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CHAPTER  6 

CONTRIBUTION  OF  CARDIAC  MFC "ANOG RAMS 
IN  THE  EXPERT  EXAMINATION  OF  FLYING  PERSONNEL 

by  R. Carre*#  R.Amorctti  ***,  a.  Didier**  and  H.  I  lie** 


I  -  INTRODUCTION 


The  idea  of  graphical  recording  of  carotid  pulsations  of  the  apoxovTtum 
recent  but  had  already  been  carried  out  in  the  19th  century  by  CHAVKAU,  MARF.Y  >wd  "Acy 
However,  although  these  recordings  were  valuable  to  physiologists  ,  th^y  w*-»:o  ot  let  o 
i^ract  ical  use  to  the  clinician  .  It  is  the  possibility  of  transforming  the  phenomena 
under  study  into  inertia-free  electrical  changes  which  has  made  11  possible  » o  re*.  urn  f 
the  mechanogram  and  use  it  to  provide  informat  ion  useful  to  the  clinician  and  to  expos r 
examining  flying  personnel. 

These'  are  non-invas 1 ve  methods  which  are  easily  reproducible  at  each  examrmt 
They  also  provide  recordings  which  can  be  added  to  the  pilot  's  medical  record  and  eompa 
from  one  examination  to  another. 

Cardiac  mechanograms  provide  three  types  of  information: 

1)  Analysis  of  cardiac  murmurs,  determining  the  type  of  heart;  disease  on  the 
basis  of  phonocardiography, 

2)  Study  ot  atrial  distension  from  the  carotid  pulse  cardiogram, 

1)  Chronocai  d  l  ograph  ic  determi  nat.  ions  based  on  the  systolic  time  intervals  which.  ;  i  vo 
some  idea  of  the  contraction  of  the  myocardial  muscle. 


1 1  -  ANALYSIS  OF  CARDIAC  MURMURS 

Heart  auscultation  and  complement  ary  examinat ions  with  the  elect rocard i our am 
and  cardiac  X-ray  can  establish  the  organic  nature  of  a  diastolic  murmur  and  in  most  ea 
can  determine  the  presc?nce  or  absence  of  an  organic  cause  of  systolic  murmur.  In  some 
cases,  it  may  be  helpful  to  use  the  non-invasive  method  of  cardiac  mechanogram.  The 
meehanograph ic  methods  used  in  the  authors'  unit  re  as  follows: 

a!  Thonoeard logram  with  4  channels  (35  >0  Hz,  MO  Hz,  280  Hz)  taken  from 

the  auscultation  of  the  systolic  nuj'/..„r; 

b)  The  study  of  the  carotid  pulse  involves  two  facets: 

-  study  of  the  shape  of  the  recording 

-  study  of  the  time  sequence  of  the  various  events,  ascension  »  irr.e, 

1/2  ascension  time  and  duration  of  the  left  ventricular  ejection. 

However,  these  times  must  bo  corrected  in  function  of  the  heart  rate  using 
the  PERNOD  and  CARRE  grid. 

c)  Apex  and  Jugular  cardiogram 

d)  Dynamic  tests  involving  : 

1  -  the  Valsalva  manoeuvre,  which  can  determine  whether  the  systolic  murmur 

is  of  left  or-  right  origin.  A  murmur  of  right  origin  reaches  maximum 
intensity  at  the  end  of  the  test  whereas  in  the  case  of  a  murmur  of  left 
origin,  the  peak  is  reached  only  5  systoles  after  halting  of  the  test. 

2  -  Pharmacodynamic  tests  involving  recording  following  » he  amyl  nitrite  or 

isuprel  test  followed  by  tests  with  vasopressors  foramnes,  met  box  ami  no )  . 

Hence  the  recordings  obtained  make  it  possible  to  determine  whether  the  murmur  is 
oue  to  an  obstruction  or  to  regurgitation  and  whether  it  is  right  or  left. 


*  Medec i n  Chef  des  Services 

**  Me dec  ins  on  Chef 

***  Medccin  Attache  drs  Hopituux  Pe • i phe r i gues 

Centre  Principal  d'Exper*  l Re  medicare  du  Personnel  Navigunt  de  1 'Aeronaut  i  pie 
2  6  boulevard  Victor  7  5^6  par  I P  ARMKF.F  FRANCK. 


\ 

I 


-4 


i)5 


a)  Non-pathological  nurmurs  arising  in  the  ejection  route  of  the  right  ventricle 
i  Mechanism 

A  murmur  may  develop  when  the  circulatory  speed  increases,  when  the  calibre  of  a  vessel 
mcroasrs  or  becomes  irregular,  or  more  secondarily  the  viscosity  of  the  blood  is  reduced. 

Usually  these  mechanisms  are  combined  but  the  determining  factor  remains  the 
increased  speed  of  circulation  in  the  vessels.  This  is  directly  related  to  the  systolic 
output  and  inversely  related  to  the  peripheral  resistance  of  the  circulation. 

Since  pulmonary  resistance  is  lower  than  systemic  resistance  it  is  easy  to 
see  why  murmurs  arise  readily,  appear  in  the  pulmonary  pathway. 

II  Various  murmurs 

1)  TRIPIER  and  DEVIC's  inf undibulopulmonary  murmur 

This  is  the  most  common. 

Static  study: 

.  Pr^LOsystolic  murmur,  persistence  of  heart  sounds  (apart  from  a  rapid 
physiological  repeat  of  S2 ) 

.  Site:  lungs  and  the  left  sternal  border 

.  Moderate  intensity,  crescendoing  during  exploration  and  following  exercise, 
decrescendoing  during  deep  inspiration  and  in  the  upright  position 

.  Normal  mechanograms 

Dynamic  investigation:  essential  in  order  to  eliminate  partial  organic  murmur 
which  may  present  the  same  static  characteristics: 

.  Valsalva  manoeuvre  :  reacts  like  a  right  murmur,  i.e.  reappears  almost 
immediately  following  the  end  of  the  manoeuvre. 

.  Amyl  nitrite  test  :  the  murmur  intensifies,  its  duration  is  increased 
but  it  peaks  earlier,  possibly  as  early  as  SI  in  which  case  the 
murmur  takes  on  a  triangular  form.  The  shape  and  time  sequence  of  the 
carotid  pulse  remain  within  normal  limits. 

This  murmur  may  also  occur: 

.  During  conditions  characterised  by  an  increase  in  blood  volume 

or  in  the  speed  of  circulation:  exercise,  pregnancy,  fever,  anaemia, 
hyperthyroidism,  arterio-venous  fistula,  irritable  heart  in  neurotonic 
subjects . 

.  In  thoracic  deformities:  flat  back,  funnel  thorax,  kyphoscoliosis? 
which  should  not  be  mistaken  for  congenital  heart  disease. 

2)  STILL's  musical  murmur 

Occurs  in  the  infant  { 2  to  4  years) 

Characteristics:  regular  groups  of  low  or  high  frequency  oscillations 

Site:  left  sternal  border  or  endapic  al. 

Responds  like  inf undibulopulmonary  murmurs  to  pharmaco-dynamic  tests. 

3)  Stenosis  of  the  trunk  or  branches  of  the  pulmonary  artery 

The  murmur  is  considered  non-pathological  when  the  pressure  gradient  along  the 
pulmonary  artery  is  low,  below  15  mm  Hg. 

Murmur:  obstructive  type  midsystolic,  sometimes  early-to-midsystolic,  with  no 
c'.inorr.ali  ty  of  S2; 

Site:  2e  and  3e  left  intercostal  spaces,  radiating  into  the  armpit  and 
the  omovertebral  space? 

Intensity  usually  high 
Normal  mechanograms. 

Amyl  nitrite  test:  the  intensity  and  duration  increase,  but  most  notably  the 
vibrations  peak  moves  away  from  SI  and  the  murr.ur  becomes  late  systolic  and 
may  go  beyond  A2 ,  it  takes  on  the  appearance  of  an  extremely  late  holo-systolic 
murmur.  Methoxamine  reduces  the  murmur. 

b)  "Left"  non-pathological  murmur 

This  is  less  frequent  and  more  difficult  to  distinguish  from  an  organic  lesion  such  as  aortic 
bicuspidy . 

The  phonocardiographic  signs  are  similar  to  those  of  the  "right"  murmur  apart  from 
the  fact  that  it  always  begins  after  the  base  of  the  carotid  pulse  and  that  it  peaks 
in  the  aortic  area. 
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c )  Cardio-pulmonary  murmurs 

X)  Non-pathological  carotid  murmur 

Frequent  in  subjects  presenting  irritable  heart. 

-  Short  early-to-mid  systolic  murmur,  carotid  site,  low  intensity,  high  frequency 

-  Ultrasonic  Doppler  exploration  may  be  required  to  exclude  carotid  stenosis. 

2)  Jugular  vein  murmur 

-  In  young  subjects  or  those  presenting  hyperkinesia 

-  Continuous  or  partial  murmur,  subclavicular  and  right  cervical  in  site,  low 
intensity . 

-  Reduced  or  eliminated  by  turning  the  head  to  the  right,  forced  expiration,  the 
Valsalva  manoeuvre  or  compression  of  the  jugular  above  the  site  of  auscultation 

-  Amplified  by  forced  inspiration  and  by  amyl  nitrite. 


B  -  Organic  systolic  murmurs 
I  -  Obstructive  myocardiopathy 

The  major  concern  of  the  expert  in  his  examination  of  flying  personnel  is  the 
possibility  of  failing  to  recognise  obstructive  myocardiopathy  because  of  the  danger  of 
sudden  death  which  this  carries. 

Obstructive  cardiomyopathy  constitutes  a  dynamic  obstacle  to  the  ejection  of 
blood  from  the  left  ventricle  into  the  aorta.  It  arises  because  of  hypertrophy  of  the 
intraventricular  septum. 


Figure  2 
OMC 

Male  62  years 
Obstructive  systolic  murmur 
S  4 

Cardiogram  with  "Bulge" . 


a)  Diagnosis  of  OMC 
I)  Static  exploration 

1)  heart  sounds 

-Si  :  normal 

-  S  2  :  normal 

-S3  :  variable 

-  S  4  :  constant  of  variable  extent 

-  No  systolic  eject  ion  click. 
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2)  murmurs 

a)  Obstructive  systolic  murmur 

-  This  murmur  is  produced  by  hindrance  of  the  ejection  of  blood  from  the  left  ventricle 
to  the  aorta  due  to  bulging  of  the  int*  entricular  septum  into  the  pumping  chamber  at 
the  left  ventricle,  during  systole,  thereby  resulting  in  a  dynamic  obstacle. 

-  Description: 

.  Usually  midsystolic  murmur,  diamond  shaped,  obstructive:  begins  after  Si  and  ends 
before  S2;  the  murmur  peak  is  late,  as  compared  with  that  of  RA)  . 

.  The  murmur  may  be  early-systolic  in  the  basal  state  or  almost  holo-systol ic  leaving 
a  very  short  interval  between  SI  and  the  beginning  of  the  murmur  and  between  the 
end  of  the  murmur  and  S2. 

.  The  murmur  may  vary  on  a  single  recording  with  several  "peaks". 

.  In  general,  a  wide  variety  of  shapes  of  the  murmur  should  be  noted,  the  most 
typical,  however  being  midsystolic  murmur. 

-  Site:  left  sternal  border  or  endapical,  there  may  be  radiations  towards  the  base  and 
the  tip. 

-  Frequency:  recorded  particularly  at  high  frequencies. 

-  Intensity:  very  variable  from  very  weak  to  very  intense;  increases  after  long  diastoles 
(ventricular  extrasystoles  and  atrial  fibrillation) 

b)  systolic  regurgitation  murmur 

-  Murmur  related  to  dysfunction  of  the  leaflets  of  the  large  mitral  valve;  variable 

-  Holo-systolic  murmur,  or  more  frequently  late  systolic,  extending  to  S2  (which 
distinguishes  it  from  an  obstruction  murmur). 

-  Site:  maximum  at  the  apex,  possibly  with  some  radiation  to  the  armpit. 


3)  carotid  pulse 
a)  shape 

-  Varies  widely  from  one  subject  to  another  and  in  a  given  subject  depending  on  the 
conditions  of  examination  and  even  the  position  of  the  subject. 

-  The  most  usual  configuration  is  the  tracing  known  as  the  COBLENCE  type  3  tracing, 
i.e.  the  normal  tracing  by  far  the  most  frequent  in  incipient  OMC. 

-  But  there  is  a  typical  tracing,  encountered  especially  in  developed  forms  and  this 
is  the  type  1  or  "bulge"  shape:  the  first  peak  is  very  early,  pointed  and  precedes 
the  peak  systolic  sound;  it  is  followed  by  a  dip  the  depth  of  which  may  vary,  the 
descending  slope  of  which  occurs  at  the  same  time  as  the  maximum  systolic  murmur; 
this  is  followed  by  a  second  peak  which  is  not  so  high.  The  catacrotic  wave  is  very 
low  and  followed  by  an  enlarged  dicrotic  wave. 

Type  2  is  less  frequently  detected  and  less  characteristic:  an  early  peak  followed  by 
a  concave  descending  section,  ending  with  a  very  low  catacrotic  notch  which  in  turn 
is  followed  by  a  very  large  dicrotic  wave. 

bl  time  sequence 

-  Corrected  ejection  time:  variable,  usually  normal  or  prolonged  (especially  in  type  1). 

-  Ascension  time:  reduced  (between  0.06  and  0.09  s). 

-  Semi-ascension  time:  normal  but  somewhat  short  (which  differentiates  from  RA) 

4)  apex  cardiogram 

-  normal  diastolic  slope  with  a  character istic  marked  A  wave,  at  the  same  time  as  S4 . 

-  systolic  wave  of  variable  configuration:  usually  normal,  particularly  in  incipient 
OMC 


Sometimes  the  appearance  may  be  similar  to  Type  I  of  the  carotid  pulse  with  a  first 
early  pointed  peak  followed  by  a  trough  during  maximum  systolic  murmur  and  then  a 
second  peak  of  variable  height. 

5)  jugular  pulse 

-  usually  normal 

-  sometimes  there  may  be  an  enlarged  "a"  wave,  or  a  notch  on  the  rise  following  the 
"x"  trough. 

II  -  Dynamic  study 


Pharmaco-dynamic  studies  are  of  particular  diagnostic  value  in  OMC 
1)  respiratory  manoeuvres  :  Valsalva  manoeuvre 

-  This  is  a  "left"  murmur,  and  so  occurs  only  4  to  5  beats  after  the  end  of  the 
manoeuvre . 


98 


-  Furthermore,  unlike  other  murmurs,  the  OMC  murmur  is  not% reduced  during  the 
apnoea  phase  and  may  even  tend  to  increase. 

2)  Pharmaco-dynamic  tests 
a}  amyl  nitrite  tests 

-  amyl  nitrite  increases  obstruction  murmurs  and  so  increases  both  the  intensity  and 
duration  of  the  OMC  murmur. 

-  in  cases  of  mild  murmur  in  the  basal  state,  there  may  be  an  “explosion”  of  the 
murmur  which  becomes  almost  holo-systolic,  but  does  leave  a  free  interval  between 
Si  and  the  beginning  of  the  murmur  (which  distinguishes  it  from  the  infundibulo- 
pulmonary  murmur  )  and  between  the  end  of  the  murmur  and  S2  (which  distinguishes  it 
from  stenosis  of  pulmonary  artery  branches). 

-  The  shape  of  the  carotid  pulse  and  apexcardiogram  may  also  be  altered;  tracings 
which  are  normal  in  the  basal  state  may  take  on  the  appearance  of  type  I  or  II 
and  become  characterist ic. 

-  Corrected  ejection  time  of  the  carotid  pulse  cardiogram  is  also  increased  even  if 
normal  in  the  basal  condition. 

•  The  A  wave  of  the  apex  cardiogram  is  amplified  (as  is  S4 ) . 

-  It  should  be  stressed  that  the  carotid  pulse  or  the  apex  cardiogram  may  take  on 
the  characteristic  appearance  of  Type  I  following  a  long  diastole  (after  an 
extrasystole  or  during  atrial  fibrillation  for  example). 

b)  methoxamine  test 

-  obstruction  murmur  or  any  accompanying  mitral  leakage  reduce  intensity,  especially 
in  late  systole  and  may  even  disappear. 

-  the  carotid  pulse  loses  its  typical  appearance  under  this  drug. 


Ill  -  Time  intervals 

-  QS1  ;  normal 

-  QA2  ;  generally  prolonged 

OVERALL,  the  diagnostic  criteria  for  OMC  are  as  follows; 

-  a  midsystolic  obstruction  murmur,  increasing  markedly  with  amyl  nitrite,  but 
always  remaining  distinct  from  SI  and  S2,  and  with  the  peak  murmur  always  following 
the  first  peak  of  the  carotid  pulse  or  apex  cardiogram. 

-  S4  and  a  marked  A  wave  on  the  apex  cardiogram  reflect  the  obstruction. 

-  the  carotid  pulse  and  apex  cardiogram  may  not  always  have  the  typical  shape  when 
there  is  a  type  1  Coblence,  with  a  first  peak  always  preceding  the  maximum  systolic 
murmur . 

-  with  regard  to  the  timing,  the  increase  of  the  corrected  ejection  time,  particularly 

with  amyl  nitrate,  and  the  reduction  of  the  time  of  ascent  of  the  carotid  pulse 

are  two  concordant  signs  of  great  significance. 


2  -  AORTIC  STENOSIS 
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Aortic  stenosis  (AS)  is  an  obstacle  to  ejection  from  the  left  ventricle.  It  is 
easily  diagnosed  Doth  clinically  and  using  a  phonomechanograph  but  what  is  important 
is  to  establish  the  extent  of  stenosis  in  order  to  guide  therapeutic  indications. 

A)  Confirmation  of  the  diagnosis  of  AS  at  the  orifice 

I  -  Static  investigation 

1 )  heart  sounds 

-  SI  :  normal  or  reduced 

-  S2  :  normal  or  reduced 

-  S3  :  variable 

-  S4  :  frequent. 

-  Frequent  early-systolic  ejection  click;  High  frequency  sound,  of  fairly  short 
duration  (less  than  0.04  s),  at  the  foot  of  the  rising  branch  of  the  carotid 
pulse  cardiogram. 

2)  systolic  murmur 

-  obstruction  midsystolic  murmur,  diamond  shaped,  arising  away  from  Si,  and 
not  extending  to  the  aortic  component  of  S2 ;  the  beginning  of  the  murmur 
is  simultaneous  with  the  foot  of  the  carotid  pulse. 

-  Site:  maximum  at  the  aortic  focus,  radiating  into  the  vessels  of  the  neck, 
but  sometimes  maximum  along  the  left  sternal  border. 

-  Better  recorded  at  high  frequencies 

-  Intensity  increased  after  Iona  diastoles 

3)  carotid  pulse  cardiogram 

a)  shape 

-  There  are  two  characteristic  features 

-  The  slowing  of  the  rising  branch,  resulting  in  an  anacrotic  notch,  with 
the  appearance  of  a  vibrating  plateau  at  the  end  of  the  rise. 

.  Catacrotic  notch  not  prominent,  followed  by  a  dampened  dicrotic  wave. 

b)  timing 

-  Prolonged  corrected  ejection  time 

-  Prolonged  semi-ascension  time  (above  0.05  s). 

4)  apex  cardiogram 

-  The  important  feature  is  the  presence  of  an  A  wave 

-  The  systolic  curve  varies,  sometimes  there  is  a  slow  rising  branch  suggesting 
the  anacrotic  nature  of  the  carotid  pulse  with  a  second  peak  higher  than 

the  first. 

5)  jugular  cardiogram 

-  Normal  apart  from  a  damping  of  the  "c"  feature  and  possible  undulations 
of  the  trough  "x" . 

II  -  Dynamic  investigation 

1)  respiratory  movements:  Valsalva  manoeuvre 

-  This  is  a  "left"  murmur  and  hence  does  not  reappear  until  4  or  5  pulsations 
after  the  end  of  the  manoeuvre. 

2)  pharmaco-dynamic  tests 

a)  amyl  nitrite  test 

-  The  systolic  murmur  increases  in  intensity  and  duration 

-  The  ejection  time  of  the  carotid  pulse  cardiogram  is  only  slightly  reduced, 
confirming  the  presence  of  a  fixed  obstacle. 

-  In  practice,  this  method  is  of  little  use,  in  the  diagnosis  of  AS. 

b)  methoxamine  test 

-  This  results  in  reduced  intensity  of  the  systolic  murmur  and  releases  the 
end  systole. 

III  -  Time  intervals 

-  QS1  interval  :  normal 

-  QA2  interval  :  prolonged 

-  PEP/e-i  ratio  :  reduced 

B)  Assessment  of  the  degree  of  stenosis 

I  -  The  various  criteria 

1)  heart  sounds 

-  SI  is  normal  in  incipient  AS;  it  is  reduced  in  intensity  as  the  stenosis 
develops  and  is  barely  detectable  in  very  severe  stenosis. 


-  S2  in  particular  becomes  less  intense  and  may  even  disappear,  not  in  relation 

to  the  degree  of  stenosis  but  of  the  extent  of  the  semilunar  calcifications. 

In  very  severe  AS,  PS  tends  to  draw  near  to  A 2  and  may  even  combine  with  it 
to  produce  a  paradoxical  outburst  at  S2.  At  a  more  severe  stage,  P2  may 
precede  A2  and  produce  a  paradoxical  double  S2. 

-  S4  s  most  authors  consider  the  presence  of  this  sign  as  a  sign  of  severe 
stenosis 

-  Early-systolic  click:  occurs  in  moderately  severe  stenoses;  tends  to  disappear 
in  severe  stenoses. 

2)  Systolic  murmur 

-  The  intensity  of  the  murmur  is  not  proportional  to  the  degree  of  stenosis. 

-  During  systole,  the  later  the  peak  of  the  maximum  murmur  and  the  nearer  the 

end  of  the  murmur  to  S2,  the  more  severe  the  stenosis. 

-  It  should  be  noted  that  in  highly  calcified  AS  there  may  be  an  accompanying 
diastolic  murmur. 

3)  Carotid  pulse  cardiogram 

-  The  configuration  does  not  indicate  the  degree  of  stenosis. 

-  The  timing  is  of  greater  importance  here 

.  The  semi-ascension  time  is  longer  the  more  severe  the  stenosis:  between 
0.05  and  0,14  s. 

.  A  rate-corrected  ejection  time  greater  than  120%  (or  0.34  s)  indicates 
severe  AS; 

=  this  time  interval  is  of  no  significance  unless  associated  mitral 
disorders  (which  would  tend  to  reduce  it)  are  absent 

=  it  is  a  useful  feature  to  monitor  development  of  the  stenosis; 

=  it  returns  to  normal  following  surgical  operation 

4)  Apex  cardiogram 

-  The  diastolic  slope  is  normal  initially.  As  the  stenosis  increases,  an  A 
wave  appears  simultaneously  with  S4,  and  the  F  wave  fades  progressively. 

-  The  systolic  tracing  is  normal  in  mild  SA  and  in  severe  SA  presents  an 
anacrotic  notch  as  in  the  development  of  the  carotid  pulse. 

IN  ALL,  5  criteria  of  severity  are  available: 

1  -  reduction  of  SI; 

2  -  presence  of  S4  and  a  prominent  A  wave  on  the  apex  cardiogram; 

3  -  late  systolic  murmur; 

4  -  extended  corrected  ejectipn  time 

5  -  ’extended  semi-ascension  time 

II  -  Classification  in  function  of  the  degree  of  stenosis 

1)  mild  AS 

-  little  or  no  change  in  heart  sounds 

-  early-systolic  murmur,  lasting  less  than  0.20  s,  separated  from  S2  by 
more  than  0.04s,  maximum  during  the  first  half  of  the  systole; 

-  on  the  carotid  pulse  cardiogram:  semi-ascension  time  less  than  0.07  s, 
normal  ejection  time. 

-  apex  cardiogram  normal. 

2 )  severe  AS 

-  changes  in  S2 

-  frequent  early-systolic  click,  followed  by  maximum  midsystolic  murmur; 

-  Carotid  pulse  cardiogram:  lengthening  of  the  semi-ascension  time  to  0.07  s 
or  more  ,  and  of  the  corrected  ejection  time  to  between  110  and  120% 

3  MITRAL  DEFECT 

Mitral  defect  results  in  a  reflux  of  the  blood  from  the  left  ventricle  towards 
the  left  atrium  during  systole,  following  leaking  of  the  mitral  valves. 
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Figure  4.  Male  $6  years  Tracing  2 


Static  investigation 

1)  heart  sounds 

-  SI  :  usually  normal,  but  occasionally  exaggerated  in  severe  leakage. 

-  S2  :  usually  normal 

.  sometimes  exaggerated  in  hypertension; 

.  may  be  doubled,  sign  of  severe  leakage. 

-  S3  :  absent  in  moderate  forms;  this  is  a  highly  characteristic  sign  of 
major  leakage,  and  may  be  of  greater  intensity  than  the  heart  sounds. 

-  S4  :  variable 

-  Mitral  opening  click  (MOC):  fairly  frequent  in  severe  leakage,  debatable 
signif icance . 

2 )  murmurs 

a)  systolic  murmur 

-  Constant  regurgitation  type; 

-  Begins  at  SI; 

-  Holo-systolic  in  moderate  and  severe  leakage,  ending  after  A 2; 

-  In  slight  leakage,  the  murmur  is  partial:  early  to  midsystolic,  mid  to  late 
systolic  or  simply  end  systolic; 

-  Site:  in  general  at  the  apex,  radiating  towards  the  armpit;  but  it  may  be 
detected  up  to  the  aortic  focus  and  even  predominate  there; 

-  The  murmur  is  best  recorded  at  high  frequencies; 

-  The  intensity  is  not  proportional  to  the  degree  of  leakage. 

b)  diastolic  rumble 

-  This  is  a  functional  AS  rumble; 

-  It  begins  at  S3  or  at  MOC; 

-  It  is  a  brief  rumble,  when  recorded  at  MOC  frequency; 

-  Site:  at  the  apex; 

-  Moderate  intensity; 

-  Appears  in  severe  incompetence 

3)  carotid  pulse  cardiogram 
a)  configuration 
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Normal  in  moderate  incompetence; 

In  severe  incompetence  there  is  a  low  sited  catacrotic  notch  with  a  wide 
dicrotic  wave,  producing  a  double  isosceles  triangle  shape  (  low  output  type); 

b)  timing 

Rate-corrected  ejection  time  normal  in  mild  incompetence,  reduced  in  severe 
incompetence ; 

1/2  ascension  time  normal; 

4)  apex  cardiogram 

-  Normal  in  incipient  MR; 

-  In  severe  incompetence,  it  undergoes  characteristic  changes: 

.  large  pointed  symmetric  (variable)  F  wave; 

.  wide  L  wave  in  MR  due  to  torn  chordae; 

.  systolic  pattern  normal  or  pointed. 

5)  lugular  cardiogram 

-  Normal 

6)  Oesophageal  cardiogram 

-  A  vibrating  plateau  configuration  between  the  "x"  trough  and  the  "v"  wave. 

7)  In  summary,  criteria  of  severity: 

-  Holo-systolic  murmur; 

-  Accompanying  diastolic  rumble; 

-  Accentuation  of  Si  and  S2; 

-  An  intense  and  early  S3 

-  Carotid  pulse  in  the  form  of  a  double  isosceles  cardiogram  with  a  reduced 
ejection  time; 

-  Apex  cardiogram:  wide  pointed  and  early  F  wave. 

II  -  Dynamic  Investigation 

1)  respiratory  manoeuvres:  Valsalva  maneouvre 

-  This  is  a"left"  murmur  and  so  does  not  reappear  until  4  or  5  pulsations 
after  the  end  of  the  manoeuvre. 

2)  pharmaco-dynamic  tests 

a)  amyl  nitrite  test 

-  Produces  a  reduction  in  the  regurgi tation  systolic  murmur  which  is  particularly 
clear  in  the  late  systolic  period; 

-  Produces  a  reduction  in  the  accompanying  diastolic  rumble  where  there  is  one 
(reacts  like  a  regurgi tation  murmur); 

-  This  test  can  therefore  exclude  any  associated  organic  AS. 

b)  methoxamine  test 

-  Inversely  this  increases  systolic  murmur  and  transforms  partial  murmur  into 
a  holo-systolic  murmur. 

-  The  major  effect  is  to  reveal  or  accentuate  the  late  systolic  component  of 
systolic  murmur. 

III  -  Time  intervals 

-  QS1  :  normal  (increased  in  massive  incompetence) 

-  QA2  -  increased  in  severe  incompetence 

-  PEC  1  interval  :  prolonged 

-  PEC  2  interval  :  prolonged 

-  Pre-ejection  period  (PEP)  :  prolonged. 


4  -  PULMONARY  STENOSIS 

Pulmonary  stenosis  constitutes  an  obstacle  to  the  ejection  of  blood  from  the 
right  ventricle  into  the  pulmonary  artery.  This  is  an  essentially  congenital  valve  disorder. 
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A)  Confirmation  of  the  diagnosis  of  valvular  PS. 

I  -  Static  investigation 

1)  Heart  sounds 

-  Si  :  normal 

-  S2  :  characteristic  changes:  Doubling  at  S2  because  of  delayed  P2 

Reduced  intensity  of  P2 

-  S3  :  variable  and  of  no  pathological  significance  in  the  young  subject 

-  S4  :  variable 

-  Early-systolic  click:  High  frequency  sound,  short  duration; 

Recorded  at  the  pulmonary  focus  during  exploration; 
Combined  with  SI  . 

2)  Systolic  murmur 

-  Obstruction  murmur,  beginning  at  Si  or  at  the  click,  midsystolic,  slowly 
rising, ending  at  a  variable  distance  from  S2: 

-  Site:  pulmonary  focus; 

-  Intensity  variable,  often  severe; 

-  Recorded  at  moderate  or  high  frequency. 

3)  Carotid  pulse  cardiogram 

-  Normal 

4 )  Apex  cardiogram 

-  usually  normal,  sometimes  slow  systolic  rise  or  even  a  prominent  A  wave. 

5)  Jugular  cardiogram 

-  "a"  wave  normal  or  wide; 

-  "y"  depression  normal; 

-  P2-v  interval  shortened. 

II  -  Dynamic  investigation 

1)  respiratory  manoeuvres 

a)  inspiration  -  expiration 

-  Theoretically  the  PS  murmur  increases  during  inspiration  and  decreases  during 
expiration . 

-  This  manoeuvre  may  sometimes  distinguish  between  a  mild  PS  and  a  mild  AS. 

b)  Valsalva  manoeuvre 

-  This  is  a  "right"  murmur  and  so  reappears  almost  immediately  at  the  end  of 
the  manoeuvre. 

2)  pharmaco-dynamic  tests 

a)  amyl  nitrite  test 

-  The  systolic  murmur  increases  in  line  with  the  intensity,  but  late  (in  late 
systole)  and  may  encompass  A2. 

b)  methoxamine  test 

-  Reduces  the  intensity  of  the  murmur,  especially  in  late  systole. 


Ill  -  Time  Intervals 

-  Left  time  sequence  normal 

-  Right  ejection  time  increased,  but  not  detectable. 

5  -  AORTIC  COARCTATrON 

Aortic  coarctation  is  equivalent  to  a  stenosis  at  the  beginning  of  the  descending 
aorta,  producing  a  distal  obstacle  to  the  ejection  of  blood  from  the  left  ventricle  into 
the  peripheral  arteries. 

SUMMARY  OF  DIAGNOSTIC  FEATURES 

-  Early  systolic  click ; 

-  Early  to  midsystolic  obstruction  murmur  which  may  last  beyond  A2 ; 

-  Femoral  pulse  abnormally  delayed  relative  to  the  carotid  pulse. 

I  -  Static  investigation 
1 )  Heart  sounds 
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-  SX  :  normal 

-  S2  :  A 2  often  accentuated 

-  S3  :  absent 

-  S4  :  variable,  related  to  hypertension 

-  Ejection  early-systolic  click  frequent,  at  the  aortic  focus. 


2 )  Murmurs 

a)  Systolic  coarc  t  at  ion  murmir 

-  Early  or  mid  systolic  coarctation  murmur  begins  away  from  SI,  and  reaches  or 
may  even  extend  beyond  S2 ; 

-  In  severe  forms,  the  murmur  may  last  right  through  to  mid-d*  ole,  producing 
a  syst olo-diast olic  murmur ; 

-  Site:  left  pai asternal,  but  often  also  in  the  back,  alon  e  scapula; 

-  Moderate  intensity,  in  contrast  with  the  very  extensive  si* 

b)  Associated  systolic  murmurs 

-  Often  an  early  systolic  murmur  is  recorded  at  the  aortic  1  s  ae  t.  o  an  AS 
which  nay  bo  functional  or  organic  and  congenital; 

-  Loss  commonly,  a  congenital  MR  or  ysp  murmur  may  be  detect ea  at  the  apex; 

e)  Diastolic  murmurs 

-  Somct.in.es  a  pre-d lastol ic  AR  murmur  is  detected  at  the  pulmonary  focus* 

Tin*;  may  be  either  functional  or  organic  and  congenital. 

-  Occasionally,  an  MR  tumble  may  be  detected  at  the  apex;  this  may  be  functional 
or  organic  and  congenital. 

d>  Svstolo -diastolic  murmur 

*  Apart  from  severe  coarctation,  *.  lie  murmur  may  be  due  to  the  persist  ancc  of 
the  duct us-ar t or ics l s 

To  conclude,  the  most  common  form  is  the  partial  and  isolated  systolic  murmur 

3 )  Car  of  i d  pu I  sc 

-  Usually  normal;  sometimes  with  a  lobster  clav;  shape  with  a  high  2nd  peak 

-  Timing;  ctrrected  ejection  time  prolonged  and  1/2  ascension  time  normal. 

41  Record i nq  of  the  femoral  pulse 

-  Very  useful;  This  presents  an  abnormally  late  beginning  and  peak  as  compared 
with  those  of  the  carotid  pulse.  The  more  severe  the  stenosis  the  greater  this 
delay  (greater  than  0.09  s);  the  femoral  crest  occurs  before  the  catacrotic 
notch  of  the  carotid  pulse  cardiogram  (instead  of  after  it). 

'j )  Apex  and  jugular  cardiogram;  normal 

II  -  Dynamic  investigation 

1  )  Amy  1  nitrite  test 

-  The  systolic  coerctrtion  murmur  increases  in  intensity  and  duration  like  all 
obstruction  murmurs. 

2)  Methox amine  tost 

-  The  intensity  and  duration  of  the  murmur  are  reduced. 

-  The  test  may  reveal  an  associated  MR,  AR  or  \,fP  . 

6  -  ATRIAL.  SEPTAL  DEFECT 

Atrial  septal  defect  { ASD )  is  an  abnormal  communication  between  the  two  atria 
in  a  left-right  shunt.  It  is  a  congenital  condition. 


resulting 


Figure  6 

Mild  atrial  septal  defect 
Midsystolic  murmur  with  double  S2 


Static  investigation 

1 )  Heart  sounds 

-  SI  :  Si  doubled:  variable  ,  no  diagnostic  value 

Intensity  increased:  var iable/  (a  sign  of  considerable  flow  in  the 

shunt ) 

-  S2  :  S2  doubled:  regular  and  large,  generally  0.04  to  0.06  s; 

Intensity  of  P2  :  normal  or  increased  (in  pulmonary  hypertension). 

-  S3  and  S4  :  variable 

-  Early  syscolic  click:  variable,  more  frequent  and  more  intense  if  there  is 

pulmonary  hypertension. 

2)  Systolic  mu r mu r 

-  Early  to  midsystolic  obstruction  mu  mur,  often  mild,  separated  from  SI 
but  may  extend  to  A 2; 

-  Site:  maximum  at  pulmonary  focus,  often  radiating  towards  the  apex; 

-  Recorded  in  moderate  and  high  frequencies; 

-  Mo  correlation  between  the  intensity  or  shape  of  the  murmur  and  the  extent 
of  the  shunt . 

3 )  D i ast  ol ic  signs 

-  Early  diastolic  tricuspid  opening  click,  difficult  to  differentiate  from  S3, 
simultaneous  with  the  "v"  wave  of  the  jugular  venous  pulse:  variable  . 

-  Functional  TR  rumble,  simultaneous  witn  the  "y"  wave  of  the  jugular  venous 
pulse:  occurs  in  major  shunts:  variable 

-  Early  diastolic  functional  murmur,  in  cases  of  clear  pulmonary 
hypertension  (Graham  Steel  1  murmur):  var lable 

4)  Carotid  pulse  :  normal 

5)  Apex  cardiogram 

-  Normal  sometimes  with  a  prominent  A  wave 

6)  Jugular  cardiogram 

-  ”v*’  wave  greater  than  "a"  wave:  Variable ,  with  the  a/v  ratio  loss  than  1. 

-  "a"  wave  prominent  in  pulmonary  hypertension. 
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II  -  Dynamic  investigation 

1 )  Valsalva  manoeuvre 

-  ASD  reacts  like  a  "right"  murmur,  and  therefore  reappears  almost  immediately 
following  the  end  of  the  manoeuvre. 

2)  Pharmaco-dynamie  tests 

a)  Amyl  nitrite  test 

-  The  response  is  variable,  the  systolic  murmur  is  usually  increased. 

b)  Methoxamine  test 

-  The  response  is  variable. 

III  -  Assessment  of  the  extent  of  the  shunt 

1)  Suggesting  a  minor  shunt 

-  Tightly  grouped,  doubled  S2  (less  than  0.05  s):  but  variable 

-  No  diastolic  signs, no  S3  and  no  S4 . 

2)  Suggesting  a  major  shunt 

-  More  frequent  doubling  of  Si 

-  Presence  of  one  or  more  diastolic  signs,  of  S3,  of  S4 . 

t 

IV  -  Assessment  of  the  extent  of  pulmonary  hypertension 

k  Suggesting  considerable  pulmonary  hypertension: 

-  reduced  doubling  of  S2,  possibly  even  fused  with  a  large  P2; 

-  frequent  early-systolic  click; 

’  -  intensity  and  duration  of  systolic  murmur  reduced  ; 

-  jugular  venous  pulse:  large  "a"  wave  and  prolonged  P2-v  interval  ; 

-  sometimes  functional  RP  murmur. 

V  -  ASD  anatomy 

1)  Distinction  between  ostium  primum  -  ostium  secundum 

-  Cannot  be  distinguished  by  phono-mechanographic  methods. 

2)  ASD  plus  RP 

i  -  Wide  doubled  S2,  P2  weak  or  absent; 

-  Systolic  murmur  with  maximum  mid  or  late  systole; 

-  Short  P2-v  interval  (less  than  0.04  s); 

# 

(  -  The  RP  usually  dominates  the  tracing  and  may  completely  mask  the  ASD. 

3)  ASD  plus  abnormal  pulmonary  venous  return 

-  Very  difficult  to  distinguish  by  phonocardiography, 

-  The  most  that  can  be  detected  is  a  fairly  variable  doubling  of  S2  with 
respiration . 

4)  ASD  plus  MS:  Lutembacher ' s  syndrome 

-  Very  rare;  the  ASD  obliterates  the  signs  of  MS. 

-  The  signs  to  look  for  are  a  late  diastolic  rumble  extending  to  SI, 
an  extended  QS  ,  and  a  continuous  murmur  at  the  end  apex. 

7  -  VENTRICULAR  SEPTAL  DEFECT 

Ventricular  septal  defect  (VSD)  is  an  abnormal  communication  between  the 
two  ventricles  resulting  in  a  left-right  shunt.  It  is  usually  congenital. 
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Figure  7 

Established  VSD  recorded  at  the 
right  4th  intercostal  space 


I  -  Static  investigation 

1)  Heart  sounds 

-  SI:  normal  or  doubled 

-  S2:  Doubling  of  S2:  frequent  but  variable;  tends  to  disappear  in  VSD  with 

pulmonary  hypertension; 

Accentuation  of  P2  in  function  of  the  extent  of  the  shunt. 

-  S3  and  S4  :  variable. 

2)  Systolic  murmur 

-  Holo-systol ic  regurgitation  murmur,  beginning  at  the  first  component  of  SI, 
may  extend  beyond  A2 ;  may  be  a  midsystolic  strengthening;  the  murmur  may  be 
partial ; 

-  Site:  left  parasternal,  radiating  throughout  the  precordial  area; 

-  Recorded  at  all  frequencies  . 

3)  Carotid  pulse 

-  Normal  in  mild  VC.. ; 

-  Pronounced  catacrotic  notch  followed  by  a  wide  dicrotic  wave  in  major  shunt. 

4)  Apex  cardiogram 

-  Diastolic  slope:  Wide  F  wave  followed  by  variable  diastolic  bulging;  A  wave 
not  prominent  . 

-  These  signs  result  from  left  ventricular  diastolic  overload. 

5)  Jugular  cardiogram:  normal 

II  -  Dynamic  Investigation 

1)  Valsalva  manoeuvre 

-  This  is  a  "left"  murmur  and  therefore  reappears  only  4  to  5  pulsations  after  the 
end  of  the  manoeuvre. 

2)  Pharmaco-dynamic  tests 

a)  Amyl  nitrite  test 

-  The  intensity  of  the  systolic  murmur  is  reduced  especially  in  end-systole  and 
may  encompass  S2. 

III  -  Time  intervals 

*  OS  1  and  PEC  1  normal  (unlike  MR)  ;  however  QS1  may  be  prolonged  in  major  shunts 
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-  Left  ventricular  ejection  time  normal  or  reduced  (right  ejection  time 
increased,  but  cannot  be  determined). 

We  note  that  the  hearing  may  frequently  be  misled  when  determining  the  origin 
of  a  systolic  murmur:  the  expert  examining  flying  personnel  should  carry  out  cardiac 
mechanograms  when  faced  by  any  systolic  murmur.  Such  tests  make  it  possible  to  classify 
the  murmur  and  in  some  cases  to  determine  the  severity  of  effects. 
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We  have  analysed  the  mechanograms  in  systolic  murmurs?  they  are  also  helpful 
when  investigating  the  repercussions  of  diastolic  murmur.  However,  this  aspect  lies 
outside  the  scope  of  this  article  on  the  expert  examination. 


Ill  -  THE  CAROTID  PULSE  CARDIOGRAM  AND  ARTERIAL  ELASTICITY 

It  would  seem  highly  interesting  to  attempt  to  assess  the  elasticity  of  the 
arterial  wall  by  a  physical  method  such  as  the  carotid  pulse  cardiogram. 

The  carotid  pulse  is  recorded  using  a  variable  inductance  detector.  This  method 
is  non-invasive  easily  carried  out  and  easily  reproduced  at  subsequent  expert  examinations 
of  the  flying  personnel.  The  normal  carotid  cardiogram  consists  of  a  rapid  rise  (pulsion 
wave)  followed  by  a  descent  (reflexion  wave)  ending  in  the  catacrotic  notch,  which  is 
followed  by  a  second  or  diacrotic  wave. 

Two  types  of  change  occur  with  age: 
those  affecting  the  configuration  and  those  affecting  the  I  |A  ratio. 

a)  Changes  of  configuration 

With  age  the  shape  of  the  carotid  pulse  changes,  the  rise  becomes  slower 
and  the  second  systolic  crest  moves  along  the  descending  segment  and  may  even  occur 
after  the  first  peak  resulting  in  an  anacrotic-type  tracing. 

Together  with  PERNOD,  we  studied  the  carotid  cardiogram  of  1000  patients 
in  function  of  age  group  (each  group  covering  a  ten  year  span).  This  anacrotic  type 
is  unusual  in  the  18  to  29  year  age  group,  occurring  in  only  0.34  %. 

This  type  rises  slightly  in  the  30  to  39  year  age  group  (2.80  %  )  but  in  the 
40  to  50  year  age  group  there  are  14.25%.  Hence  15%  of  the  pilots  aged  40  years 
present  anacrotic  type  tracing  which  reflects  changes  in  the  elasticity  of  the  arterial 
wall. 
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b)  Investigation  of  the  I/A  ratio 

Other  changes  also  occur  with  age,  including  the  ratio  of  the  height  of  the 
notch  (I)  over  the  amplitude  of  the  pulse  wave  (A)  which  is  increased.  With  NOGUES 
we  determined  this  I/A  ratio  in  250  pilots.  In  three  age  groups  the  ratio  was  found 
to  rise  with  age. 

Group  one:  number  of  subjects  :  100  (age  17  to  29  years)  -  Mean  age  :  21  years 
i  =  tn  2 1  +  2  m  2 1  =  0.437  ♦  0.020 


Group  two:  number  of  subjects  :  70  (age  30  to  52  years)  -  Mean  age:  41  years 

~  =  m  41  +  2  in  41  =  0.569  +  0.023 

A 

Group  three:  number  of  subjects  :  80  (age  32  to  78  years)  -  Mean  age  :  53  years 

i  =  n  53  t  2  m  53  =  0.586  +  0.020 

A 


By  means  of  a  study  involving  a  hydraulic  model  NOGUES  was  able  to  show 
that  the  1^  ratio  of  the  carotid  cardiogram  (i.e.  the  ratio  of  the  height  of  the  catacrotic 
notch  A  over  the  amplitude  of  the  pulse  wave)  reflects  the  elasticity  of  the  arteries. 

In  practice,  this  ratio  increases  when  the  elasticity  of  the  hydraulic 
system  falls  or  when  the  peripheral  resistances  rise;  for  a  given  diastolic  pressure, 
the  I_  ratio  increases  if  the  elasticity  of  the  walls  of  the  model  are  reduced  or  if 
the  A  resistance  during  each  action  increases.  The  loss  of  arterial  elasticity 
therefore  appears  to  be  linked  with  one  of  the  following: 

-  either  a  degenerative  parietal  factor  specific  to  the  segment  tested, 

-  or  to  a  peripheral  factor,  obstructing  the  flow  of  the  liquid. 

In  this  model,  the  amplitude  of  the  dicrotic  wave  would  appear  to  be  reduced  the 
lower  the  arterial  elasticity. 

This  once  more  draws  attention  to  the  usefulness  of  investigation  of  the  1^ 
ratio  of  the  carotid  cardiogram  which  provides  a  rapid  method  of  assessing  the  A 

elasticity  of  the  arterial  system. 

IV  -  CHRONOCARPIOGRAPHIC  STUDIES 


Since  the  intervals  of  the  chronocardiogram  depend  on  the  extent  of  myocardial 
damage,  it  is  logical  to  investigate  the  possibility  of  correlation  between  the  various 
intervals  and  the  haemodynamic  data  provided  by  cardiac  catheterisation  and  ventricular 
angiography.  This  was  carried  out  by: 

WEISSLER  (1970)  and  AROWOW  (1971)  in  the  investigation  of  the  contraction  of 
myocardial  muscle. 
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But  before  considering  their  work,  we  should  recall  the  various  determinations 
carried  out  during  chronocardiography  . 

T.ls  electromechanical  interval  from  point  Q  on  the  electrocardiogram  to  point  C  on 
the  apex  cardiogram. 

T.2:  or  the  preexpulsive  interval  extending  from  point  C  on  the  apex  cardiogram 
to  point  E  on  the  carotid  pulse.  This  preexpulsive  interval  can  be  divided 
into  two  parts:  T2a  or  the  preisometric  contraction  from  point  C  of  the 
apex  cardiogram  to  the  closing  of  the  mitral  valve  i.e.  to  the  first  high 
speed  component  of  Si  and  PQS  on  the  phonocardiogram  or  the  isometric 
contraction  of  mitral  closing  or  point  E  on  the  carotid  pulse. 

T.3:  or  the  systolic  ejection  time  from  point  E  co  the  catacrotic  notch  of  the 

carotid  pulse  cardiogram  but  these  determinations  must  be  corrected  to  allow 
for  the  heart  rate. 
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T3  varies  inversely  with  the  heart  rate.  Using  WEISSLER's  regression  equations  we 
can  calculate  the  following: 

T.3c  =  T.3  +  1.7  R.R. 

In  this  equation,  the  normal  T.3  is  413  +  10  ms  (normal  extrapolated  value 

for  zero  heart  rate).  Using  the  PERNOD  and  CARRE  grid,  which  is  based  on  the  linear 
relationship  between  T.3.  and  R.4.  we  obtained  the  following: 

T.3c  =  1.02  T.3.  +  195.4 

However,  when  investigating  the  relationship  between  HR  and  T.3  in  a  large 
number  of  healthy  subjects,  COLIN  and  CARRE  regularly  detected  a  linear  correlation 
different  from  that  obtained  by  WEISSLER.  In  1978,  they  sugested  the  following  correction 
formula : 

T.3C  =  T  +■  1.4  R.R. 

The  normal  range  for  T.3C  is  3  x  T.3  +  13.3  ms. 


These  three  time  intervals  determined  using  classical  external  mechanography 
have  been  confirmed  by  comparison  with  invasive  methods.  Studies  carried  out  by 
numerous  authors  have  provided  similar  results. 

T.3  external  and  T.3  invasive  have  been  studied  in  particular  by  BORSH,  MARTIN, 
VAN  DER  VERF.  The  T.3  determined  from  the  carotid  cardiogram  was  compared  with  the 
simultaneous  recording  of  the  blood  pressure  at  the  base  of  the  descending  aorta  by  a 
catheterisation  method.  The  coefficients  of  correlation  ranged  from  0.97  to  0.99  depending 
on  the  author,  the  invasive  T.3  was  generally  3  to  4.5  ms  shorter  than  the  non-invasive 
T.3. 


The  validity  of  determination  of  the  total  electromechanic  systole  from  the 
interval  T.l  +  T.2  +  T.3  has  been  established  by  ANASTASSIDES  and  BROUGH  (  experiment 
in  the  dog,  correlation  of  coefficient  2  =  0.90). 

The  validity  of  the  determination  of  T.2  by  an  external  method  has  also  been 
established  by  comparison  with  an  invasive  determination  by  BUSH  and  METZGER  who  obtained 
correlation  coefficients  of  0.94  to  9.98.  The  value  of  determining  these  systolic  time 
intervals  has  been  demonstrated. 

METZGER  has  shown  that  the  preejection  period  is  closely  related  to  the 
isovolumet ric  contraction  time,  the  electromechanical  interval  being  relatively  constant 
between  30  and  40  ms.  AHMED  has  also  shown  that  there  is  good  correlation  between  the 
value  of  T.2  and  the  maximum  speed  of  pressure  change  in  the  left  ventricle.  The  T.2/T.3 
ratio  is  very  important  in  evaluation  of  the  myocardial  contractility.  According 

to  WEISSLER,  this  is  closely  correlated  with  the  cardiac  index.  It  is  also  more  sensitive 
than  this  index  and  may  detect  abnormalities  before  these  are  apparent  from  the  cardiac 
index  (LEWIS). 

GARRAND  has  shown  that  the  T.2/T.3  index  also  shows  excellent  correlation 
(2  =  0.90)  with  the  angiographic  ejection  fraction.  Determination  of  the  systolic  time 
intervals  applied  and  analysed  in  this  way  provides  a  sensitive  clinical  evaluation  of  the 
degree  of  deter ioration  of  the  performance  of  the  left  ventricle.  This  method  is  easily 
reproducible  and  quantitative. 

This  method  has  been  used  in  aeronautical  medicine,  STAFFORT  used  it  to 
investigate  circulation  changes  induced  by  changes  in  body  position.  GRAYBOYS  used  the 
method  to  investigate  cardiovascular  response  to  the  lower  body  negative  pressure  test 
and  to  accelerations  +  G  2  (the  heart  rate,  T.3,  5.2  and  T.2/T.3  ratio  increase  in 
proportion  to  the  level  of  acceleration  and  return  to  normal  values  after  60  s  of  rest). 
With  FITCUSST  the  authors  used  this  method  during  physical  exercise  and  have  shown  the 
value  of  the  T.2/T.3  ratio  in  assessment  of  physical  fitness  from  a  cardiovascular  point 
of  view.  But  this  well  documented  method  does  have  some  drawbacks.  The  carotid  sensor 
is  difficult  to  fit  and  only  the  left  heart  is  investigated.  For  this  reason  COLIN,  after 
correlation  with  cardiac  mechanograms ,  suggests  that  the  systolic  time  intervals  be 
determined  by  means  of  cardiac  plethysmography  involving  electrical  impedance.  This 
elegant,  simple  and  non-invasive  method  is  being  checked  and  will  probably  be  of  great 
value  in  aeronautical  and  space  medicine. 
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CHAPTER  7 


ECHOCARDIOGRAPHY  IN  THE  EXPERT  EXAMINATION 
OF  FLYING  PERSONNEL 

by  J.  Droniou*  and  A.  Coignard** 


Internal  cardiac  structures  can  be  visualised  by  means  of  echocardiography 
because  an  ultra-sonic  beam  can  be  reflected  by  these  structures.  This  method  was 
introduced  into  clinical  practice  in  the  1950's  and  developed  with  extraordinary  rapidity 
to  become  an  essential  examination  in  Cardiology. 

It  is  non-invasive  and  relatively  simple  and  so  can  be  repeated  as  often 
as  required.  The  method  is  also  highly  sensitive  and  reliable  when  used  by  experienced 
personnel  and  so  merits  an  important  place  in  the  expert  cardiological  examination  of 
flying  personnel. 


1 .  /'GENERAL  remarks  / 

1 . 1  The  principle  of  echocardiography 

Ultra-sound  (US)  is  an  oscillation  inaudible  to  the  human  ear  because  of 
its  high  "icquency  (20,000  to  10  million  cycles  per  second,  i.e.  20,000  Hertz  to  10  Mega- 
Hertz).  he  propagation  of  a  US  beam  depends  on  the  acoustic  properties  (acoustic 
impedance.  ‘  of  the  media  through  which  it  passes.  If  the  beam  encounters  media  of  differing 
acoustic  impedance,  its  path  undergoes  reflection  and  refraction  phenomena. 

One  fraction  of  the  beam  is  refracted,  i.e.  continues  its  path  following 
deviation.  The  other  fraction  is  reflected  and  this  gives  rise  to  an  echo  at  the  interface. 

This  property  is  the  basis  of  echocardiography  which  sets  out  to  capture 
the  beams  reflected  by  the  cardiac  structures  and  to  visualise  the  corresponding  echos. 

This  is  possible  because  ultra-sound  is  well  propagated  in  the  soft  tissue  of  the  human 
body  just  as  in  water. 

1.2  Transducers 


The  ultra-sound  (US)  source  or  transducer  also  acts  as  a  receptor.  It 
consists  of  a  piezo-electric  quartz  slide  which,  under  the  action  of  a  high  frequency 
electrical  wave  generator  vibrates  at  the  same  frequency  as  the  changes  in  potential. 
Emission  is  discontinuous  consisting  of  short  bursts  of  waves.  Between  two  successive 
emissions  the  system  acts  as  a  receptor:  the  quartz  transforms  the  vibratory  energy  of 
the  reflected  beam  into  electrical  potential  variations  of  the  same  frequency. 

The  impulse  frequency  determines  the  number  of  images  of  the  cardiac 
structures  received  per  second:  1,000  in  one-dimensional  ultra-sound,  30  to  60  in  two- 
dimensional  ultra-sound. 

The  US  radiation  frequencies  used  in  cardiology  are  of  the  order  of  2.2  to 
3.5  Mega-Hertz  in  adults  and  5  to  7  Mega-Hertz  in  children. 

I . 3  Visualisation  of  reflected  echos 


After  transformation  of  the  acoustic  signal  into  an  electrical  signal, 
the  electrical  signal  is  amplified  and  then  recorded  by  a  suitable  instrument:  oscilloscope; 
television  screen  equipped  with  memory,  fiberoptic  recorder.  There  are  several  types 
of  echocardiography  depending  on  the  type  of  transducer  used  and  the  method  of  visualising 
echos . 


*  Medecin  en  Chef,  Chef  du  Service  de  Cardiologie 

de  l’Hopital  d ' Instruct  ion  des  Armees  du  Va 1 -de-Grace . 

**  Medecin  en  Chef,  Medecin  Adjoint  du  Service  de  Cardiologie 
de  l'Hopital  d ' Instruct  ion  des  Armees  du  Val-de-Grace . 

74  Boulevard  de  Port-Royal, 

75230  PARIS  CEDEX  05 
FRANCE. 
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1.4. a  A  Mode  (amplitude  modulation  ultra  sound) 

The  Echo  reflected  from  an  interface  is  displayed  on  the  oscilloscope  as  a 
bright  pip  the  amplitude  of  which  is  proportional  to  the  energy  of  the  reflected  beam. 

Its  position  on  the  X-axis  depends  on  the  distance  of  the  interface  from  the  transducer. 

Ultra-sound  travels  at  a  constant  speed  of  1500  metres  per  second  through 
the  soft  tissues  of  the  human  body  and  so  the  X-axis  can  be  calibrated  by  measuring  the 
time  taken  by  the  ultra-sound  beam  for  the  return  journey  between  the  transducer  and  the 
echos . 


In  this  mode  of  echocardiography ,  cardiac  structures  are  in  practice  defined 
only  by  their  relative  positions  on  the  X-axis. 

1.4.  b  B  Mode  (brightness-modulation  ultra -sound) 

The  reflected  signal  is  displayed  as  a  bright  dot,  the  brightness  of  which 
is  proportional  to  the  intensity  of  the  reflected  signal. 

1.4.  c  M  Mode  (Time-motion  ultra  sound) 

The  echo  is  recorded  in  the  B  mode  presentation.  Cyclic  approach  and 

withdrawal  of  the  echos  from  the  probe  during  the  heart  cycle  are  visualised  in  function  of 
time  by  means  of  a  constant  speed  chart  recorder.  Synchronised  recording  of  the  electro¬ 
cardiogram,  the  phonocardiogram  or  an  external  mechanogram  provides  time  scale  references. 

Time-motion  ultra  sound  is  widely  used.  Cardiac  structures  are  identified 
both  from  their  distance  from  the  transducer  and  the  characteristic  curve  produced  by  their 
motion  in  function  of  time.  The  good  definition  of  time-motion  electrocardiograms  makes 
possible  highly  accurate  quantitative  investigation  of  the  amplitude  and  speed  of  movement 
of  cardiac  structures. 

The  main  drawback  of  the  time-motion  mode  results  from  the  fact  that  the 
heart  is  visualised  only  in  a  very  limited  zone  ajong  the  access  of  the  single  exploratory 
beam.  Exploration  of  neighbouring  zones  require  the  gradual  shift  of  the  angle  of  the 
transducer  in  the  method  known  as  the  compound  scan.  It  is  therefore  difficult  to  determine 
the  spatial  arrangement  and  relationships  between  the  various  cardiac  structures. 


I . 5  Two-dimensional  Echocardiography 

This  method  provides  dynamic  echotomographic  sections  through  the  heart. 
Various  technical  approaches  have  been  suggested.  We  will  outline  the  principles  behind 
the  two  major  methods,  which  provide  extremely  rapid  reconstitution  of  sections  of  the 
heart  in  motion,  virtually  in  real  time  (see  figure  2). 

1. 5.  a  -  Mult iscan_ technigue 

This  method  was  developed  following  the  work  of  Bom  and  uses  an  array  of 
20-60  transducers  placed  side  by  side.  One  after  the  other  the  transducers  emit  discontin- 
uously.  The  corresponding  echos  are  presented  in  the  B  mode  before  the  emission  of  the 
following  transducer.  If  the  emission  frequency  is  sufficiently  high  (20  to  60  impulses 
per  second)  tomographic  sections  are  obtained  virtually  in  real  time.  The  records  obtained 
using  this  technique  are  of  fairly  poor  quality  in  the  adult. 

1 . 5 .  b  -  §?££orscan_technigue 

This  method  involves  one  or  more  transducer ( s )  carrying  out  angle-sweeping 
movements  between  60  and  90°  with  a  scan  frequency  of  30  to  60  cycles  per  second.  The 
scan  may  be  regulated  by  mechanical  or  electronic  means.  Thus  the  B  Mode  presentation 
provides  visualisation  of  triangular  sections  through  the  heart  virtually  in  real  time. 
Image  definition  is  excellent  but  however,  less  good  than  using  the  time-motion  method 
particularly  with  respect  to  the  endocardium  which  is  less  well  imaged. 
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Real  Time  Echocardiography 

1.  Multiscan 

2.  Sectorscan 

(After  LESBRE) 


Figure  2 


I . 6  Other  electrocardiographic  methods 

1. 6.  a  Contrast .echocardiography 

Blood,  which  is  a  homogeneous  medium  from  the  purely  acoustic  point  of  view, 
does  not  reflect  ultra-sound.  Rapid  injection  of  a  liquid  bolus  (physiological 
serum)  into  a  peripheral  vein  results  in  the  formation  of  microspheres  within  the 
liquid  flow.  These  microspheres  are  preserved  into  the  right  cavities  of  the 
heart.  By  changing  the  homoqeneous  acoustic  nature  of  the  small  volume  of  blood 
containing  them, they  produce  echos  which  can  be  detected  by  time-motion  or  two- 
dimensional  ultra-sound.  We  will  not  discuss  this  method  any  further  which  is 
used  essentially  in  cases  of  right,  left  shunts  or  tricuspid  incompetence. 

1 . 6 .  b  Pulsed^Doppler_echocardiggraphy 

This  method  has  recently  been  introduced  into  clinical  practice  and  makes 
possible  the  simultaneous  recording  of  the  time-motion  electrocardiogram  and  the 
characteristic  curves  of  the  blood  flow  analysed  by  the  Doppler  effecv  at  an  exact 
site  within  the  cardiac  cavities  using  a  single  transducer.  The  position  of  a 
small  volume  of  blood  analysed  (2x5  mm)  is  detected  on  the  electrocardiogram  by  a 
marker  (the  Doppler  window)  .  The  exploration  is  guided  by  means  of  Doppler  sound 
recording . 

The  pulsed  Doppler  method  provides  qualitative  analysis  of  pathological  or 
physiological  intra-cardiac  blood  flow.  Attempts  to  determine  the  speed  have  met 
with  a  major  obstacle:  the  absence  of  information  concerning  the  angle  made  by 
the  ultra -sound  beam  with  the  direction  of  the  blood  flow,  this  information  is 
essential  to  the  calculation  of  the  speed. 
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1 . 6 .  c  Micro-comguter_electrocardiocjraphic_link-up_ 

Electrocardiography  can  determine  some  data  concerning  left  ventricular 
function.  For  some  of  these  indices  manual  deciphering  of  the  recordings  is  lengthy 
and  this  restricts  their  use.  This  consideration  has  led  to  the  routine  use  of 
micro-computers .  The  echographic  recording  is  placed  on  a  numerical  graphic 
table.  As  the  operator  moves  a  sensitive  pencil  along  the  echos  under  analysis, 
the  corresponding  graphs  are  converted  into  numerical  form  and  simultaneously 
processed  by  the  computer.  Results  are  provided  in  the  form  of  numerical  and 
graphical  data.  Some  echocardiographic  systems  are  marketed  with  a  micro¬ 
computer  built  in.  Rather  than  such  an  assembly  which  is  convenient  but  restricted 
and  expensive,  an  independent  and  adjustable  system  may  be  preferred  which  can  be 
adapted  to  the  input  and  processing  of  highly  varied  signals. 

I . 7  Limitations  and  general  perspectives 

1. 7.  a  General _Limi tat ions 

These  result  mainly  from  the  restriction  of  ultra-sound  propagation  in  the 
tissues  of  the  thoracic  wall.  Some  subjects  have  narrow  intercostal  spaces  which 
hinder  this  examination  (since  the  ultra-sound  is  reflected  by  the  bony  structures) 
This  method  of  exploration  is  difficult  in  patients  with  emphysema  because  of  the 
presence  of  air,  which  has  low  ultra-sound  permeability,  between  the  wall  and 
the  heart.  The  method  is  also  difficult  to  use  in  elderly,  obese  or  highly 
muscular  subjects. 

This  means  that  the  examination  may  sometimes  be  lengthy  and  may  provide 
an  echocardiogram  of  poor  quality  which  increases  the  risk  of  errors  of  inter¬ 
pretation  and  which  is  unusable  for  accurate  determinations. 

1 . 7 .  b  Perspectives 

Despite  this,  the  ultra-sound  method  is  advancing  at  a  spectacular  rate.  The 
definition  of  real  time  images  should  continue  to  be  improved  over  the  coming 
years.  Pulsed  Doppler  echocardiography  is  beginning  to  be  coupled  with  real 
time  ultra-sound  and  this  makes  it  possible  to  determine  the  volume  of  blood  under 
study  more  accurately.  The  use  of  Doppler  systems  with  multiple  windows,  =*nd 
visualisation  in  the  form  of  colour  scales  of  the  blood  flow  obtained  are 
improvements  which  can  be  expected  in  the  near  future.  Computerised  three- 
dimensional  echocardiography  is  currently  under  study. 


II  /  THE  NORMAL  ECH0CARDI0GRAM~7 

Whatever  mode  of  echocardiography  is  used  the  patient  is  examined  in  the 
dorsal  decubitus  or  slightly  left  lateral  decubitus  position.  The  transducer  is  applied 
using  an  air-impermeable  conducting  paste: 

-  either  on  the  internal  part  of  the  3rd  or  4th  left  intercostal 
space  (standard  parasternal  incidence) 

-  or  in  the  sub-xyphoidal  region  (the  suprasternal  or  sub-clavicular 
fossa)  at  the  apex  tap. 


I I . 1  T.M.  Echocardiography  (TME) 

The  standard  parasternal  incidence  is  usually  adopted,  the  others  being  used 
either  because  it  has  failed  or  in  order  to  give  preferential  visualisation  of 
certain  structures.  They  may  also  be  used  in  the  case  of  pulsed  Doppler  in  order  to 
have  an  ultra-sound  beam  roughly  parallel  to  the  direction  of  the  blood  flow  under  study. 

In  the  standard  parasternal  incidence,  the  transducer  explores  the  heart 
through  a  narrow  window  delimited  by  the  sternum  and  the  ribs  above  and  below. 

The  cardiac  structures  are  visualised  at  an  angle  similar  to  left  anterior  oblique  (LAO) 
of  angiocardiography  (See  figure  3). 

There  is  a  standard  method  of  examination:  after  visualisation  of  the 
echo  characterising  the  mitral  valves,  small  shifts  in  the  angle  of  the  detector  are  used 
to  select  other  incidences.  The  examination  must  include  an  aorta-apex  scan  and  a 
return  scan  during  which  the  angle  of  the  recorder  is  gradually  shifted  without  changing 
intercostal  space,  in  order  to  visualise  the  usual  positions  successively  (1-2-3-4). 
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During  systole,  the  echos  from  both  valves  are  applied  one  over  the  other 
to  produce  a  single  horizontal  or  slightly  rising  line  CD.  During  diastole, 
the  valves  move  in  the  other  direction,  to  produce  a  mirror  image:  the 
anterior  flap  (AMV)  moving  forwards  towards  the  septum,  and  the  posterior  flap 
(PMV)  backwards  towards  the  posterior  wall.  During  this  diastolic  pathway  the 
AMV  traces  an  M-shaped  movemer,  - ,  and  the  posterior  flap  a  W-shaped  movement  to 
return  ^nd  meet  again  at  point  C  where  the  mitral  valve  closes.  In  the  normal 
subject,  point  C  is  nearer  to  the  posterior  wall  than  to  the  septum.  The 
movement  of  the  PMV  is  equivalent  to  about  one-third  that  of  the  AMV. 

Table  1  provides  an  indication  of  the  normal  ranges  of  values  in  the  adult 
and  of  the  significance  of  parameters  measured  in  this  incidence. 


TABLE  1 


NOMENCLATURE  AND  SIGNIFICANCE  OF  CHANGED  MOVEMENT 
Or  THE  AMV 


NOMENCLATURE 

SIGNIFICANCE 

FACTORS  INVOLVED 

NORMAL  RANGE  OF 
MEAN  VALUES 

CD 

Systolic  closing  of  the 
flaps 

Anterior  shift  of  the 
mitral  ring 

- 

DE 

Amplitude  of  maximum 
opening  of  the  AMV 

-  elasticity  of  the 
va  lve 

-  atrioventricular 
gradient  and  trans¬ 
mit  r  a  1  flow 

20- 3  3  mm 

F.F  Slope 

Mean  rate  of  proto 
diastolic  closing  of 
the  AMV 

(rapid  filling  of  the 

LV) 

-  elasticity  of  the 
valve 

-  AV  gradient  and 

t  ransmi  t.  ral  flow 

-  LV  compliance 

75-1 50  mm/ 

sec  . 

FA 

Slow  filling  of  the  LV 

- 

- 

A 

Presystolic  reopening 
of  the  AMV 

-  atrial  contraction 

-  elasticity  of  the 
valve 

- 

AC  Slope 

Rate  of  closing 

t e ledi ast ol ic  LV  pressure 

125-250  mm/ 
sec . 

IT.l.b  Aorta-left 

atrium  incidence 

This  incidence  (l°figure  3)  visualises  from  above  downwards,  l.o.  from  the 
front  to  the  back  relative  to  the  transducer,  the  pulmonary  infundibulum,  the 
root  of  the  aorta  with  the  antero-nght  and  posterior  semilunar  valves,  and  the 
left  atrium  (figure  5). 

F.chos  from  the  anterior  and  posterior  walls  of  the  aorta  undergo  parallel 
displacement,  forwards  during  systole  and  backwards  during  diastole.  The 
semilunars,  are  closed  durinq  diastole  and  the  echo  is  narrow,  more  or  less 
median  and  parallel  to  the  aortic  walls.  During  systole,  the  valve  flaps  are 
laid  back  against  their  respect ive  aortic  walls.  They  open  and  close  suddenly 
{ rect anqu 1 ar-shaped  "boxed"). 

This  incidence  provides  a  reliable  determination  of  the  transverse 
diameter  of  the  infundibulum,  of  the  aoriic  ring  and  of  the  left  atrium  (  la  ) » 
carried  out  during  telesystole.  The  determination  of  the  se-i lunar  opening 
is  less  reliable  since  it  depends  on  the  angle  of  incidence  of  the  US  beam. 

Table  II  summarises  the  main  parameters  determined  in  this  incidence  and  the 
range  of  normal  values  in  the  adult. 
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TABLE  II  PARAMETERS  DETEHMI HED  I N  THE  AORTA- LA  INCIDENCE 


PARAMETER 

Determinat :on 

Normal  value 

Internal  diameter  of  the 
lortic  ring 

distance  between  the  two  walls 
during  telesystole 

20-37  mm 

Thickness  of  the  aort  ic 
v/a  1 1  s 

- 

^5  mm 

Distance  travelled  by  the 
aortic  walls 

distance  between  the  tele- 
systolic  advance  and  tele- 
diastolic  withdrawal  of  the 
wall 

7-10  mm 

Semilunar  opening 

during  protosystole 

16-26  mm 

Transverse  LA  diameter 

distance  between  the  post- 
aortic  wall  and  the  posterior 
wall  of  the  heart  during 
telesystole 

19-40  mm 

Diameter  of  the 
pulmonary  infundibulum 

during  systole 

20-35  nm 

LV  ejection  t ime 

from  SO  to  SC 

Ejection  time  corrected 
as  a  percentage  of  the 
normal  ( 100% ) 

(Meynors  Tables) 

Pre-election  period 


Time  between  the  ECG  Q-wave 
and  SO 


0.04  +  0.02  sec. 
(Heart  rate  70/mn ) 


II.l.c  Sub-mitral _ incidence 

From  the  mitral  incidence,  the  transducer  is  turned  slightly  towards  the 
apex  so  that  on’y  part  of  the  rapid  opening  of  the  AMV  remains  within  the 
path  of  the  beam  (incidence  3  figure  3).  The  right  ventricular  cavity(RV) 
and  the  left  ventricular  cavity  (LV)  which  are  separated  by  the  septum  are 
visualised  from  front  to  back  (figure  6).  The  septum  and  the  posterior 
wall  of  the  LV  approach  one  another  during  systole  and  move  apart  during 
diastole. 


Figure  6 


TD  (Q  or  R  wave) 
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This  incidence  can  be  used  to  determine  the  transverse  diameter  of  the 
left  ventricle  during  telediastolc  ( DTLV )  and  during  telesystole  (STLV)  between 

the  left  edge  of  the  septum  and  the  posterior  endocardium.  The  telcdiastol ic  * 

diameter  of  the  RV  ( DTRV ) ,  the  telcdiastol ic  and  telesystolic  thicknesses  of  the 
septum  (DTS,  STS)  and  of  the  posterior  wail  (DTpW,  STPW)  are  also  determined. 

Figure  6  shows  the  way  in  which  these  various  parameters  are  determined  and  the 
normal  ranges  of  values  are  shown  in  Table  III. 

TABLE  III  PARAMETERS  DETERMINED  I N  THE  SUB-MITRAL  INCIDENCE 


PARAMETER 

Normal  range  of  values  in 
the  adult 

Telcdiastol ic  diameter  of  the  LV 

37-56  mm 

(DDLV) 

Telesystolic  diameter  of  the  LV 
(  SDI.V ) 

25-40  mm 

Telediastolic  thickness  of  the  septum 
(DTS)  and  of  the  posterior  wall  (DTPW) 

6-11  mm 

DTS/DTPW  ratio 

v  1.3 

Telediastolic  diameter  of  the  RV  { DDRV ) 

30  mm 

in  dorsal  decubitus 

7-23  mm 

in  lateral  decubitus 

9-26  mm 

Systolic  path  S 

4-8  mm 

PW 

9-14  mm 

J 
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11.1. d  Other_ incidences 

-  Tricuspid:  the  movement  of  the  anterior  and  septal  leaflets  has  the  same 
form  as  that  of  the  mitral  valves.  However,  in  the  normal  adult,  usually 
only  part  of  the  systolic  movement  and  the  protodiastol ic  opening  of  the 
anterior  valve  is  visualised  (gull  wing  shape). 

-  Pulmonary  orifice:  the  pulmonary  valves  are  easily  detected  in  the  child. 
In  the  adult,  the  posterior  semilunar  may  sometimes  be  visualised  usually 
only  during  its  diastolic  path. 

11.1. e  Aorta^apex^scan  (figure  7) 

This  checks  the  continuity  of  the  septum  with  the  anterior  wall  of  the  aorta, 
of  the  AMV  with  the  posterior  wall  of  the  aorta,  and  of  the  posterior  wall  of 
the  LV  with  that  of  the  LA.  The  upper  Dart  of  the  septum  moves  in  unison 

with  the  aortic  wall  (forwards  during  systole). 


Figure  7 


II. 2  Two-dimensional  Echocardiography  (2DE) 

This  can  provide  a  variety  of  echotomographic  sections  through  the  heart  some 
of  which  standardised. 

I  T  .  2  .  a  St_andard_2arasternal_incidence 

Two  section  planes  are  possible: 


a)  sagittal  section  through  the  main  axis:  figure  8  shows  the  cardiac 

structures  visualised  overall  and  in  real  time  in  this  incidence. 
Using  a  90°  sector  scanr.r/.  only  the  very  tip  is  missing  from  the 
overall  visualisation.  .  \c-  semilunar  valves,  laid  flat  against  the 
aortic  walls  during  systole  ere  visible  during  diastole  (narrow  median 
echo).  The  mitral  and  aortic  rings  are  at  an  angle  of  95  to  110° 
open  towards  the  apex.  The  area  of  systolic  meeting  of  the  mitral 
leaflets  is  at  the  junction  between  the  posterior  third  and  median 
third  of  the  posterior-wall  septum 
valves  can  be  studied,  the  leaflets 
the  mitral  ring. 


line.  The  angular  movement  of  both 
go  further  than  the  plane  of 


never 


transverse  sections  through  the  short  axis  :  these  may  be  carried 
out  at  three  levels  (figure  9).  The  section  through  the  large 
vessels  provides  information  concerning  semilunar  opening.  The 
section  through  the  mitral  system  shows  the  concentric  contraction 
of  the  LV  and  allows  calculation  of  the  area  of  the  mitral  orifice 
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1 1 . 2  .  b  ine  idence_ 

The  transducer  is  placed  on  the  apex  tap  with  the  subject  in  the  left 
lateral  decubitus  position  and  the  ultra-sound  beam  is  directed  towards  the 
atria. 

a)  the  four  cavity  section  (figure  10  A)  is  perpendicular  to  the 
septum.  The  septum  is  clearly  distinguished  as  are  the  mitral  and 
tricuspid  valves,  and  the  ventricular  and  atrial  cavities. 

In  this  section,  the  lateral  wall  of  the  LV  can  be  investigated  . 

b)  The  LV-LA  section  (figure  10  B)  is  obtained  by  turning  the  transducer 
until  the  RV  disappears.  This  gives  good  visualisation  of  the 
anterior  and  posterior  walls  of  the  LV,  of  the  mitral  system  and  the 
LA. 


Figures  10A  and  10B 
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10  B 


1 1. 3  Pulsed  Doppler  echocardiography  (PDE) 

An  example  of  a  normal  recording  is  shown  in  figure  11A:  the  Doppler  window  is 
behind  the  anterior  tricuspid  valve.  The  normal  diastolic  transtricuspid  flow  is 
visualised  and  is  seen  to  be  free  from  turbulence.  The  absence  of  an*'  systolic  flow 
ii  confirmed.  This  picture  should  be  compared  with  that  of  figure  11B  with  the  Doppler 
window  in  the  same  position  .  Fig.llB  shows  tricuspid  incompetence  taking  the  form  of 
holosystolic  flow  turbulence  in  the  right  atrium. 

1 1 1  /  ECHOCARDIOGRAPHY  Tn~ HEART  DISEASE  7 


Echocardiography  can  be  used  both  to  identify  anatomical  lesions,  sometimes 
with  the  mechanism  involved,  and  also  to  assess  their  haemodynamic  effects  and  the 
functional  condition  of  the  myocardium. 
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during  the  decompensat ion  phase,  they  ran  give  some  indication  of 
the  type  of  heart  disease  involved. 

TM  Echocardiography ^ 

This  method  provides  an  accurate  assessment  of  the  dilatations  of  the  I.V 
and  LA  cavities  and  (often  with  less  success)  of  the  RV .  The  method  also 
determines  the  thickness  of  the  walls  and  their  kinetics.  In  this  way  various 
e lect rocardiograpn ic  syndromes  have  been  described  which  correspond  to  severe 
but  still  compensated  heart  diseases. 

VOLUME  OVERLOADING  OF  THE  LV  < f igure  12)  is  reflected  in  an  increase 
in  the  t e lediastol ic  diameter  and  in  hyperkinesis  of  the  walls,  detected  from  the 
length  of  the  pathway  of  the  septum  erd  of  the  posterior  wall.  The  consequence 
of  such  overloading  is  increased  ejection  indices  (see  below). 


Figure  12 


PRESSURE  OVERLOADING  of  the  ..V  (figure  13)  involves  hypertrophy 
of  the  walls  with  a  small  cavity  (reduced  or  normal  DDVL ) .  The  concentric 
nature  of  the  hypertrophy  is  shown  by  a  symmetrical  increase  in  the  diastolic 
thicknesses  of  the  septum  and  of  the  posterior  wall,  the  DTS/DTPW  ratio 
remaining  below  1.3.  The  EF  slope  of  the  AMV,  is  often  reduced,  reflecting 
hampered  filling  of  the  LV,  the  elasticity  (coi  ,-liance)  of  which  is 

reduced . 

VOLUME  OVERLOADING  OF  RV  results  in  an  increase  in  the  TDDRV,  and 
a  paradoxical  movement  of  the  septum  which,  during  systole,  moves  forward 
m  the  same  direction  as  the  posterior  wall  (figure  14).  Similar  abnormalities 
in  the  movement  of  the  septum  may  be  detected  during  complete  left  bundle 
branch  blocks  and  in  type  B  WPW  syndromes.  In  the  dilated  RV,  the  tricuspid 
valve  is  often  visualised  with  abnormal  ease  and  completeness. 

Pressure  overloading  of  the  RV  is  much  less  clearly  characterised. 

DURING  THE  DECOMPENSATION  STAGE  of  heart  disease  affecting  the  left 
ventricle,  the  left  cavities  are  dilated  and  the  walls  hyperkinetic  (hence 
a  marked  reduction  in  the  efficiency  index).  There  are  associated  abnormal l £ ies 
of  the  movement  of  echos  from  the  mitral  and  semilunar  valves  related  to  the 
fall  in  heart  output  and  the  increased  telediastol ic  pressure  of  the  LV 
(figure  15).  These  signs,  which  reflect  very  serious  heart  disease,  are  of 
little  interest  in  the  expert  examination  of  FP. 


2D_ Echocardiography 


This  technique  complements  that  of  TME  and  provides  global  visualisation 
of  the  dilatations  of  the  cavities  and  real  time  kinetics  of  the  walls. 

This  method  is  les  suitable  for  quantitative  studies  but  particularly 
valuable  tor  determining  the  following: 

dilatation  of  the  RV  and  especially  of  the  RA  (the  latter 
being  inaccessible  to  TME) 


segmental  abnormalities  in  the  left  ventricular  contraction 
characteristic  of  some  heart  disease  conditions. 
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The  global  indices  of  systolic  function  are  calculated  from  changes 
in  the  transverse  diameter  of  the  LV  during  systole.  Three  indices  should 
be  noted  : 

-  the  EJECTION  INDEX  corresponds  to  the  reduction  of  the  diameter  during 
systole  ( DDLV  minus  SDLV ) .  In  order  to  take  account  of  individual 
variations  in  LV  size,  this  is  normally  expressed  as  a  percentage  of 
the  telediastol ic  diameter.  Like  the  ejection  fraction,  this  parameter 
assesses  LV  pump  function. 

-  the  MEAN  RATE  OF  DIAMETER  SHORTENING  is  the  systolic  shortening  of  the 
diameter  divided  by  the  ejection  time.  Expressed  in  terms  of  diastolic 
diameters  per  second  this  is  equivalent  to  the  normalised  mean  rate  of 
shortening  of  the  circumferential  fibres  of  the  myocardium  evaluated 
using  an  ang locardiograph  and  expressed  in  terms  of  circumferences  per 
second  (VCF  mean).  The  VCF  is  considered  to  be  a  good  index  of 

cont  tact 1 1 ity . 

-  MAXIMUM  RATE  OF  SHORTENING  OF  THE  DIAMETER  (VCF  max.)  This  is  more 
sensitive  than  the  mean  VCF  but  its  determination  requires  a  micro-computer 
to  calculate  the  peak  of  the  derivative  of  the  diameter  in  function  of  time 
( dD/dt  Max  ).  It  is  expressed  in  normalised  form  as  instantaneous 

d l aneter . 

-  the  EJECTION  FRACTION  can  be  assessed  using  the  electrocardiograph  if  some 
hypothetical  geometric  shape  is  assigned  to  the  LV.  If  this  is  considered 
as  a  turning  ellipsoid  the  long  axis  of  which  is  double  the  small  axis 
which  is  equal  to  the  transverse  echographic  diameter,  the  volume  of  the  LV 
is  virtually  equal  to  the  curve  of  th^s  diameter.  The  systolic  volume 
can  therefore  be  calculated  ( SEV  =  DD  -  SV3)  as  can  the  ejection  fraction 
(EF  --  DD3  -  SD3)  . 


From  investigation  of  variations  in  the  thickness  of  the  septum  { DTS  and  STS) 
and  of  the  posterior  wall  (DTPW,  STPW)  it  is  possible  to  assess  the  contractility 
oC  the  two  walls  from  the  following: 

-  SYSTOLIC  THICKENING  OF  THE  SEPTUM  AND  OF  THE  POSTERIOR  WALL,  expressed 
as  a  percentage  of  diastolic  thickness  (  thickening  index). 

-  MEAN  RATE  OF  SYSTOLIC  THICKENING,  expressed  as  diastolic  thicknesses  per 
second . 

-  MAXIMUM  THICKENING  RATE,  which  requires  a  computer. 

:i  )  diastolic  function  of  the  LV 

Hindrance  of  LV  filling  is  an  important  haemodynamic  factor  in  hypertrophic 
' > i  restrictive  myocardiopat hy . 

Overall  diastolic  function  is  assessed  from  the  mean  rate  of  protod i as t ol ic 
•closure  of  the  AMV  ( EF  slope).  Bui  this  index  has  low  sensitivity  and  is  non 
specific,  being  influenced  particularly  by  organic  changes  of  the  valve. 

This  led  GIBSON  to  suggest  two  more  sensitive  and  reliable  indices  which  require 
computer  calculation:  the  duration  of  the  rapid  filling  phase  and  the  maximum 
rapid  f l  1  l  i ng  rate  (peak  of  the  derivative  of  the  diameter  in  function  of  time). 

a  l  )  f  he  value  of  LV  function  indices  determined  from  TM.E 

The  indices  evaluated  directly  from  diameters  are  reliable  for  regularly 
c<  in* i act  i  ng  ventricles  (normal  subjects,  valvular  conditions,  non-coronary  artery 
hypertension).  A  standardised  test  is  required  involving  2DE  in  particular, 
tfl  ensure  Mi  at  the  transverse  diameter  is  measured  and  not  an  oblique  diameter. 

The  ejection  index  is  closely  correlated  with  the  ejection  fraction  determined 
by  ang locard lography  and  the  VCF  is  at  least  as  reliable  as  that  determined  by 
ang  i  o-*  ar  d  loqr  aphy  . 

Determination  of  volumes  from  these  diameters  is  only  a  rough  approximation, 
since  the  hypothetical  geometric  shapes  assigned  to  the  LV  are  not.  confirmed  for 
par  hr  logioa  1  L.V .  Regression  formulae  have  been  suggested  to  ovcrcoi.le  ..his 
drawback.  The  aut hors  believe  that  only  indices  derived  directly  from  the 
diameter  should  be  used  in  practice. 

The  overall  assessment  of  myocardial  function  from  the  diameter  determined 
in  a  very  limited  region  of  the  LV,  situated  in  the  axis  of  the  ultra- sound 
beam,  is  subject  to  both  over- and  under-estimation  if  there  are  any  segmental 
abnormalities  of  contraction  as  is  the  case  in  ischaemic  heart  diseases  and 
many  hypertrophic  cardiomyopathies.  In  such  cases,  the  local  contractility 
indices  retain  their  value  especially  when  determined  with  the  aid  of  a  2DE . 
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-  2D  Echocardiography 

This  method  can  be  used  to  determine  the  ventricular  volumes  and  the 
ejection  section  by  methods  similar  to  those  used  in  bi-planar  angiocardiography. 
The  volume  determinations  obtained  correlate  well  with  those  obtained  by 
angiocardiography  even  in  patients  with  ischaemic  heart  disease.  However  it 
should  be  remembered  that  the  number  of  echographic  images  of  the  walls 
obtained  per  second  (30  to  60)  is  much  smaller  than  that  obtained  by  TME 
(1,000),  that  the  endocardium  is  much  less  well  distinguished  than  by  TM 
and  also  that  analysis  of  the  apical  region  is  difficult.  These  restrictions 
make  the  method  tricky  to  use  and  deman  highly  experienced  technicians. 

The  complexity  of  the  measurements  and  calculations  requires  the  use  of  a 
computer.  For  these  various  reasons,  the  method  is  not  yet  in  routine  use. 

In  practice,  combination  of  2DE  and  TME  provides  a  simple, rapid  and 
reliable  means  of  assessing  LV  function.  The  2DE  is  used  to  detect  any 
segmental  abnormal i t les  of  contraction  and  to  direct  investigation  of  the 
transverse  diameter  so  confirming  determinations  obtained  by  TME. 

I I I . 2  Diagnosis  of  heart  disease 

We  will  limit  ourselves  to  conditions  likely  to  be  encountered  during  the  expert 
examination  of  FP. 

III. 2. a  Cardiac _valve_disease 

a)  Mitral  stenosis  (MS) 

This  condition  rules  out  any  aeronautical  activity  and  we  will  not  consider 
it  in  any  detail  even  though  the  diagnosis  and  assessment  of  the  severity  of 
this  condition  are  amongst  the  major  contributions  of  echocardiography . 

However  the  clinical  signs,  which  are  usually  evident,  and  its  rapid  haemodynamic 
effects  result  in  the  fact  that  this  condition  is  very  rarely  discovered  in  a 
\  truly  "silent"  state  during  paroxysmal  tachyarrhythmia  or  a  thromboembolic 

incident . 

TME  suffices  to  establish  the  diagnosis  which  can  be  obtained  in 
100%  of  cases  from  association  of  2  essential  signs  (figure  16). 


-  reduction  to  a  varying  extent  of  the  EF  slope  of  the  AMV. 

-  diastolic  movement  of  the  PMV  in  the  same  direction  of  the  AMV  (paradoxical 

or  unison  movement).  These  two  signs  are  essential  for  the  diagnosis  and 
may  be  combined  with  a  reduction  or  elimination  of  the  A  wave,  the  thickening 
of  valvular  echos  or  with  LA  abnormalities,  the  right  cavities  and 

the  pulmonary  semilunars  reflecting  the  haemodynamic  effects.  The  2DE  is 
also  very  sensitive  and  has  the  major  advantage  of  detecting  subvalvular 
changes  allowing  calculation  of  the  mitral  surface  in  the  small  axis 

sect  ion . 
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We  should  stress  the  difficulty  of  reaching  a  diagnosis  on  the  basis  of  an 
isolated  reduction  of  the  F.F  slope  without  any  accompanying  reversal  of  the  movcucnt 
of  the  PMV .  This  may  indicate: 

-  either  an  unusual  myxoma  of  the  LA:  the  TME  presents  other  highly  indicative 
signs  and  the  2DE  and  the  angiocardiograph  detect  the  tumor. 

-  or  an  obstruction  to  filling  of  the  LV  related  to  reduced  sensitivity  . 

The  hypertrophy  which  is  the  cause  and  which  should  give  echographic 
signs  taking  the  form  of  a  thickening  of  the  walls,  may  be  secondary  to 
aortic  stenosis,  hypertension  (diagnosed  by  the  usual  means)  or  may  be 
primitive,  in  the  context  of  a  myocardiopathy  which  may  give  few  clinical 
signs  in  early  stages, 

-  some  very  mild  mitral  stenoses  may  also  involve  subnormal  diastolic  movement 
of  the  PMV. 


b )  Mitral_incomgetency  (MI) 

We  should  distinguish: 

-  TME  and  2DE  which  are  very  useful  in  assessing  the  effects  of  mitral 
leakage  but  which  do  not  establish  the  diagnosis  except  in  some  forms 
involving  particular  mechanisms  (ballooning,  tearing  of  the  mitral  chordae), 

-  and  DPE,  a  sensitive  and  reliable  method  for  positive  diagnosis 
whatever  mechanism  is  involved. 

1)  Mitral  ballooning  ( BARLOW fe  syndrome) 

This  syndrome  is  usually  idiopathic  and  of  genotypical  origin  and  is  of 
some  importance  in  the  expert  examination  of  FP  for  three  reasons: 

-  the  variable  clinical  signs,  which  may  be  typical  (mesotelesystol ic  click-murmur 
syndrome)  or  may  be  truncated  ( telesystol ic  murmur  or  isolated  mesosystolic 
click)  or  may  be  absent  permanently  or  intermittently; 

-  a  development  which  is  usually  benign  but  with  the  possibility  of  rare, 
severe  and  sometimes  unpredictable  complications  including  ventricular 
arrhythmia  (causing  sudden  death)  and  sudden  or  gradual  increase  in  mitral 
leakage ; 

-  the  possibility  of  deterioration  as  a  result  from  flight  in  high  performance 
aircraft,  of  silent  or  well-tolerated  mitral  ballooning  due  to  accelerat ion 

(rhythm  disturbances,  creation  or  increase  of  mitral  leakage). 

TM  and  2DE  Echocardiography  provide  diagnosis  and  detect  forms  which  are  silent 
during  auscultation. 

In  TM,  two  abnormalities  establish  the  pathology  and  may  be  observed  altern¬ 
ately  in  the  same  patient  by  slight  changes  in  the  siting  of  the  transducer: 

-  the  telesystolic  dome  pattern  (figure  17A):  a  sudden  backward  movement  of 

one  or  both  valves  during  mesotelesystole ,  followed  by  a  rapid  return  to  the  proto 
diastolic  closing  point  D.  This  is  often  combined  with  a  slight  forward 
movement  during  protosystole  which  is  similar  to  the  SAM  pattern  described 
for  obstructive  myocardiopathy. 
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-  the  pansystolic  hammock  picture  (figure  17B) :  the  gradual  backward 
movement  of  both  leaflets,  beginning  in  protosystole,  peaking  in 
mesosystole,  with  a  gradual  return  to  point  D. 

The  method  of  invest igat ion  must  be  rigorous  and  standardised  otherwise  false 
pictures  suggesting  ballooning  will  be  obtained  in  normal  subjects  (hammock 
picture  resulting  from  poor  siting  of  the  transducer).  Other  much  less 
typical  abnormalit les  are  noted  only  if  confirmed  by  2D E.  TME  also  visualises 
anatomical  abnormalities  of  the  valves  which  are  supple  but  have  several  layers 
(valvular  vegetation). 

Real  time  ultra-sound  definitely  increases  the  specificity  and  sensitivity. 

This  method  makes  it  possible  to  confirm  or  infirm  some  minor  or  debatable 
patterns  picked  up  in  TM.  The  sagittal  section  along  the  main  LV  axis  is 
the  incidence  to  be  preferred:  without  going  into  details  we  draw  attention 
to  the  fact  that  the  main  diagnostic  criterion  is  the  demonst rat  ion  of  bulging 
of  one  or  of  both  leaflets  towards  the  left  atrium,  the  most  posterior 
point  on  the  convexity  projecting  a  small  or  large  distance  beyond  the  plane  of 
the  mitral  ring.  This  long  axis  section  makes  it  possible  to  assess  the 
extent  of  ballooning: 

-  from  forms  at  the  limit  of  normality,  the  significance  of  which 
may  be  debatable  but  which  may  sometimes  take  on  the  typical 
characteristics  during  amyl  nitrite  inhalation, 

-  right  up  to  severe  forms  with  complete  eversion  of  one  of  the 
two  leaflets  into  the  LA  and  these  conditions  are  really  mitral 
prolapse  some  of  which  may  result  from  tearing  of  the  chordae. 

In  some  patients  the  four  cavity  section  gives  better  visualisation  of 
ballooning  and  of  an  eversion  of  the  valves. 


2)  Teannq  of  the  chordae 

This  results  in  major  mitral  incompetency  which  is  clinically  apparent  and 
totally  incompatible  with  any  aeronautical  activity.  We  will  therefore 
discuss  this  topic  only  briefly  even  though  it  can  be  diagnosed  and  assessed 
by  means  of  echocard 1 ography . 

TME  reveals  the  volume  overload  of  the  LV  resulting  from  the  haemodynamic 
effects  and  a  combination  of  direct  signs  which  are  grouped  differently 
depending  on  the  leaflet  involved: 

-  diastolic  signs  affecting  the  AMV  (very  long  pathway,  cross  vibrations, 

multiple  parallel  or  criss-crossing  echos)  or  the  PMV  (reversed 

movement  during  prot odi ast ole ,  at  times  completely  chaotic). 

-  systolic  signs  with  a  hammock  or  telesystolic  couple  picture. 

2DE  in  the  major  axis  and  four  cavity  sections  gives  further  information  and 
in  particular  demonstrates  systolic  eversion  into  the  LA  of  one  or  sometimes 
both  leaf  let  s , 


3)  Other  mitral  valve  abnormalities 

TME  and  2DE  may  so  retimes  determine  the  mechanism  by  detecting  vegetations  (more 
clearly  seen  in  2DF.)  or  by  establishing  arguments  suggesting  associated  MR. 
Usually  only  indirect  signs  of  volume  overloading  of  the  LV  are  detected,  these 
signs  are  not  specific  and  may  be  totally  absent  in  mild  MI,  those  cases 
precisely  in  which  the  diagnosis  is  debatable. 

Pulsed  Poppler  Echocard lography  may  establish  a  diagnosis  of  MI  due  to  whatever 
mechanism  even  though  the  systolic  murmur  may  not  be  clear.  If  the  Doppler 
window  is  correctly  sited  in  the  LA,  behind  the  AMV,  the  characteristic  holo- 
systolic  turbulent  flow  is  visualised  (an  appearance  similar  to  that  shown  in 
figure  11B  for  the  tricuspid).  In  experienced  hands  this  method  gives  reliable 
results  except  in  the  case  of  very  mild  MI  with  a  localised  flow  or  a  flow  in  a 
specific  direction. 


c )  Aort ic_stenosis  ( AS ) 


TME  demonstrates  two  types  of  abnormality.  Indirect  signs  of  pressure 
overloading  of  the  LV  are  present  only  in  fairly  tight  or  long  established 
stenoses  which  are  bound  to  be  detected  on  clinical  examination.  Direct  signs 
include  changes  in  the  semilunar  valves:  diastolic  thickening  of  the  valvular 
echo  and,  an  unreliable  sign  since  it  depends  on  the  incidence  of  the  beam, 
diminution  of  semilunar  opening.  A  whole  series  of  intermediate  stages  are 
possible  between  major  changes,  such  as  transformation  of  the  valvular  apparatus 
into  a  mass  of  echos,  to  signs  which  are  difficult  to  identify  and  a  sub-normal 
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picture  in  the  case  of  mild  AS  with  supple  valves  precisely  the  case  which  poses 
diagnostic  problems  during  the  expert  examination).  Sometimes  the  examination 
may  suggest  congenital  etiology  {signs  of  a  bicuspid  valve,  or  suggesting 
sub-valvular  AS,  which  is  very  unusual  in  the  adult). 

2 DE  is  much  more  accurate  and  sensitive  both  along  the  sagittal  main  axis 
section  and  in  transverse  sections  at  various  levels.  This  examination  demonstrates 
concentric  hypertrophy  of  the  LVf  valvular  changes,  diminished  semilunar  opening 
and  can  be  used  to  calculate  the  area  of  the  aortic  orifice. 

d)  Aortic  rcaurui  tat  i  on  (AH.! 


Diagnosis  is  essentially  clinical,  however  mild  forms  may  t  ass  unnoticed 
during  auscultation,  especially  when  the  heart  beat  is  rapid.  The  haemodynar.ic 
effects  must  also  be  investigated  since  their  absence  would  militate  in  favour 
of  an  exception  being  made  during  the  career  of  the  individual.  Echocardiography 
is  useful  both  for  diagnosis  and  for  investigating  repercussions. 

Demonstration  -'f  volume  overloading  of  the  LV  by  TME  and  2DE  establishes 
the  'onsiderahle  haemodynamic  effects  of  A: ,  which  have  already  been  described 
f  rom  a  c  1  1  n  i  cm  1  po i nt  of  vi ew . 

TME  j.  :  'vide.-,  reliable  and  sensitive  positive  diagnosis  by  visualising  high 
f  reguency  i :  as* -■!  i  ••  vibrations  of  *  he  AMV  {fluttering).  If  leakage  is 
considerable,  *!.»■*•■  vibrations  may  extend  to  the  septum  and  to  the  PMV  (figure  8). 
This  sign  i  ^  ubs»-t.*  only  in  very  mild  AH  with  a  particular  direction  of  the 
regurnt.i*  :  n  tl->w  :  if  *  h»>  mitral  valves  are  very  severely  affected  (associated 
MH  )  . 

PEP!  .  re  sensitive  than  the  TM  mode  to  the  extent  that  the  signs 

it  .let  «v*  s  it>-  t :  ■  *  .iffoo*ed  by  *  he  condition  of  the  mitral  valve:  the  Doppler 
window  be  i  r.  :  :  i  b<*ween  the  som  lunars,  diastolic  turbulence  is  detected 

in  cas*  s  t  A:-.  The  risk  of  confusion  between  the  flow  obtained  between  AR 
and  t  he  »  rarism  :  ♦  i  i  i  i:  is*o!  ic  flow  of  MR  is  avoided  if  the  Doppler  window  is 
cor: oo*  i y  si*  ed . 

The  mechanism  of  AH  may  be  established  by  TME  or  PDE  which  may  show 
altera*:  >n  ot  the  son 1 1 unar s ,  vegetations,  bicuspid  Vi  Ives,  prolapse  of  one 
semilunar  ii;*c.  the  i,v,  or  considerable  dilatation  of  ,he  incoming  aorta. 

e)  Ot  lie:  abnormalities  of  the  valves 


Such  abnormalities  are  rarely  encountered  in  FP  and  we  will  not  discuss  them. 
We  will  simply  recall  that  TME  and  2DE  can  be  used  for  the  diagnosis  of  tricuspid 
stenosis  and  that  PDF  is  the  best  examination  for  the  diagnosis  of  TI  . 

Mild  stenoses  of  the  pulmonary  orifices  which  are  devoid  oi  haemodynamic 
effects  are  t.he  only  type  of  pathology  affecting  the  pulmonary  arteries  likely 
to  be  met  with  during  the  expert  examination  of  FP  and  they  occur  only  during 
the  admission  examination.  Unfortunately  in  these  mild  forms  echocardiography 
cannot  be  relied  upon  to  detect  them. 


Fiuure  18 
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III .  2  .b  Primitiye_myocardig3raehy 


The  primitive  conditions  affecting  cardiac  muscle  are  one  of  the  major 

indications  for  echocardiography  which  can  provide  the  following: 

-early  diagnosis  and  classification  of  the  various  forms, 

-exact  evaluation  of  myocardial  function,  deterioration  of  which  may  be  an 
initial  sign  coupled  with  disturbed  ventricular  rhythm  or  a  slightly  enlarged 
heart  shadow, 

-echography  may  also  establish  the  absence  of  any  valvular  ,  ischaemic  or 
congenital  heart  disease  as  the  source  of  myocardial  dysfunction. 

a)  Congestive  or  dilated_f orms 

TME  DIAGNOSIS  is  obvious  in  advanced  forms  (figure  15)  based  on  the 
association  of  LV  dilatation,  overall  hyperkinesia,  marked  reduction  of  the 
ejection  index  and  the  VCF,  and  changed  thickening  index  of  the  heart  wall. 

There  are  signs  of  reduced  flow  at  the  aortic  semilunars  and  the  appearance 
of  the  mitral  valves  is  characteristic:  a  small  electrical  mitral  valve 
clearly  visible  but  surrounded  by  a  huge  ventricular  cavity. 

2DE  demonstrates  the  overall  harmonious  hyperkinesia  and  argues  against 
any  ischaemic  cardiopathy  (unless  this  presents  tight  stenoses  of  the  three 
coronary  artery  trunks). 

IN  INCIPIENT  FORMS,  which  may  be  encountered  during  the  expert  examination 
of  FP,  echocardiography  can  contribute  to  the  diagnosis  by  demonstrating  a 
diminution  of  the  myocardial  function  indices  and  a  slight  dilatation  of  the 
LV,  these  signs  are  significant  if  isolated  and  accompanied  by  homogeneous 
contraction.  THis  is  why  TM  and  2D  echography  is  essential  in  the  case  of 
rhythm  disturbances,  apparently  isolated  elect rocardiographic  abnormalities 
or  mild  cardiomegaly . 


b)  ljy^Grtrophic_ forms  (  HMC  ) 

Echocardiography  is  essential  for  their  diagnosis.  This  method  contributes 
to  their  analysis  and  is  able  to  distinguish  between  diffuse  or  symmetric  forms 
( SHMC )  and  segmental  or  asymmetric  forms  ( AHMC )  as  well  as  between  obstructive 
forms.  The  method  establishes  that  left  int ra-ventr icu 1 ar  dynamic  obstruction 
of  muscular  origin  is  much  more  frequent  (though  not  always  present)  in 
asymmetric  forms  and  may  sometimes  be  present  in  diffuse  forms. 

-  TM  Echocardiography: 

The  various  forms  of  HMC  have  in  common  hypertrophy  of  the  walls  with 
reduced  left  ventricular  diameter,  the  impairment  of  contractility  of  the 
wall  is  reflected  by  changes  in  the  thickening  indices,  a  relative 
constancy  of  the  ejection  index  and  of  the  VCF,  as  well  as  by  early 
impairment  of  diastolic  function  reflected  in  a  reduced  EF  slope  of  the 
anterior  mitral  valve  leaflet. 

DIFFUSE  OR  SYMMETRIC  HMC  corresponds  to  the  abnormalities  described  above. 
Their  diffuse  nature  is  reflected  in  a  septal  thickness  over  posterior  wall, 
thickness  ratio  of  less  than  1.3.  The  picture  is  very  similar  to  that 
found  in  concentric  hypertrophy  of  the  LV  secondary  to  aortic  stenoses  and 
to  hypertension. 

The  main  sign  of  SEGMENTAL  HMC  is  asymmetric  septal  hypertrophy  (ASH) 
characterised  by  isolated  or  predominating  thickening  of  the  septum  ( DTS/DTPW 
ratio  greater  than  1.5).  Septal  hypokinesis  contrasts  with  normal  or 
increased  kinetics  of  the  posterior  wall.  There  is  frequently  a  protodiastolic 
striking  of  the  AMV  against  the  septum  (the  mitral  apparatus,  being  further 
forward  than  normal,  is  confined  within  a  small  LV) .  However,  ASH  is  not 
specific  and  may  occur  in  various  forms  of  pressure  overloading  of  the  LV 
and  in  some  conger, ital  heart  conditions.  TME  may  also  lead  to  false  positive 
and  false  negative  conclusions,  the  method  may  fail  to  recognise  septal 
hypertrophy  in  the  apex  or  conversely  suggest  a  diagnosis  of  ASH  when  due  to 
particular  orientation  of  the  LV  the  ultrasonic  beam  crosses  the  septum 
obliquely.  The  right  side  of  the  septum  may  often  be  difficult  to  identify 
and  this  hinders  interpretation. 

DYNAMIC  OBSTRUCTION  OF  THE  LV,  is  a  characteristic  syndrome  of  the  AHMC. 

This  produces  two  signs.  Anterior  mesotelesystolic  movement  of  the  mitral 
valve  (SAM)  is  considered  to  be  significant  if  it  reaches  20%  of  the  empty 
chamber  (figure  19A).  This  movement  may  sometimes  be  much  greater,  going  as 
far  as  to  actually  touch  the  septum.  Partial  mesosystolic  closing  of  the 
aortic  semilunars  followed  by  partial  or  complete  reopening  is  the  second 
criterion  of  obstruction  (figure  19B)  . 
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Figure  19A  Figure  19B 


of  aortic  obstruction,  in  mitral  ballooning,  in  the  hyperkinetic  heart  and 
in  cases  of  abundant  pericardial  effusion.  Mesosystolic  closing  of  the 
semilunars  reflects  only  an  obstacle  on  the  ejection  pathway. 

However,  TME  detection  of  the  combination  of  ASH,  SAM  and  mesosystolic 

closing  of  the  semilunars  does  establish  the  diagnosis  of  obstructive 
myocardiopathy . 

It  should  be  noted  that  the  obstruction  syndrome  may  not  be  present  in  the 
basal  condition  and  may  be  detected  only  during  pharmacological  tests 

(Isuprel,  amyl  nitrite).  t 

-  20  Echocardiography:  ' 4 0 

This  technique  is  particularly  useful  in  this  indication,  and  corrects  for 

any  error  of  axis  in  TME  (false  ASH),  as  well  as  detecting  some  forms  of  ! 

segmental  hypertrophic  myocardiopathy  which  are  not  detected  by  TME  as  well 
as  determining  the  mechanism  of  the  obstruction. 

Major  axis,  minor  axis  and  4  cavity  sections  make  it  possible  to  detect  and 
classify  the  various  forms  of  asymmetric  HMC  (figure  20): 

-  septal  hypertrophy  extending  beyond  the  pillar  zone 

-  forms  limited  to  a  sub-aortic  septal  ridge 

-  forms  situated  in  the  apex,  usually  not  detected  by  TME. 


Figure  20 
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These  sections  visualise  any  obstruction  present  and  explain  the 
mechanism  behind  it:  the  obstruction  results  essentially  from  the 
pillars  and  the  sub-valvular  apparatus,  very  secondarily  that  of  the 
tip  of  the  AMV  (figure  21). 

Thanks  to  echocardiography  and  particularly  to  2DE,  more  and  more 
frequently  sub-clinical  forms  of  HMC  are  being  discovered  at  an  early 
stage.  The  progressive  danger  of  typical  obstructive  HMC  is  well 

known.  The  danger  posed  by  apical  and  non-obstructive  hypertrophic 
forms  are  less  well  established  and  the  discovery  of  such  forms  will 
doubtless  pose  difficult  problems  in  the  expert  examination  of  FP. 


c)  Restrictive  forms 


Primitive  restrictive  myocardiopath les  consist  essentially  of  endomyocardial 
fibroses  .  Such  conditions  are  rare  in  our  part  of  the  world.  Echocardiography 
may  be  useful  in  their  diagnosis. 


Figure  21 


III.2.C  Ischaemic  heart  disease 


Development  of  2D E  has  constituted  a  real  step  forward  in  this  indication. 

During  an  aorto-apex  scan,  TME  can  investigate  the  full  length  of  the  septum. 
The  detection  in  isolation  or  in  association  with  hyperkinesia  of  the  posterior 
wall  of  septal  hypo-  or  akinesia  is  an  argument  in  favour  of  tight  stenosis  of 
the  anterior  interventricular  artery.  Similarly  the  presence  of  an  isolated 
dyskinesia  of  the  postero-lateral  wall,  which  is  also  well  visualised,  may 
suggest  significant  stenoses  of  the  right  "  ■'ronary  and/or  the  circumflex. 

However  the  TME  has  many  limitations:  failure  to  detect  dyskinesias  in  the 
apical  or  antero-lateral  region,  the  non-specific  nature  of  abnormalites  of 
septal  kinetics,  major  errors  in  the  overall  assessment  of  left  ventricular 
function  from  the  diameters  in  the  case  of  segmental  abnormalities  of  contraction 
and  the  impossibility  of  distinguishing  in  the  presence  of  dilatation  and 
global  hypokinesia  between  primitive  myocardiopathy  and  ischaemic  cardiopathy 
affecting  all  three  trunks. 

2DE  because  of  the  numerous  sections  which  can  be  used  makes  it  possible  to 
study  all  the  walls  of  the  LV  including  the  apical  region.  It  readily  visualises 
any  segmental  abnormalities  of  contraction  and  provides  accurate  evaluation  of 
left  ventricular  function  in  the  coronary  artery  disease  patient. 

However  it  should  be  remembered  that  a  normal  echocardiogram  in  no  way  refutes 
a  diagnosis  of  coronary  arteritis.  Only  positive  results  are  of  significance. 

9tJ}§I..i2dications_fgr_echgcardiography 

There  are  many  and  some  are  of  special  interest  but  most  of  little  importance 
for  the  expert  examination  of  FP,  We  will  mention  only  three: 


III .  2  .d 
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a)  Pericardial  effusions 

•  The  sensitivity  of  TM  and  2D  echocardiography  in  the  detection  of  pericardial 
effusions  was  demonstrated  some  time  ago.  It  is  also  known  that  this  test  can 

provide  a  rough  assessment  of  the  extent  of  effusion.  However  it  is  unusual  to 
detect  pericardial  effusion  in  the  exploration  of  isolated  and  asymptomatic 
cardiomegaly :  a  problem  which  may  sometimes  occur  in  the  expert  examination 

of  FP.  We  will  simply  recall  a  classical  diagnostic  trap:  in  normal 

subjects  a  slight  systolic  separation  between  the  epicardium  and  the  pericardium 
may  frequently  be  detected  and  this  has  no  pathological  signif icance. 

b)  Conqenital  heart  disease 

Apart  from  valvular  conditions  already  mentioned,  the  only  congenital  heart 
conditions  likely  to  be  detected  in  flying  personnel  (during  the  admission 
examination)  are  atrial  or  ventricular  septal  defects  with  moderate  shunt 
flow  which  is  well  tolerated. 

Little  is  to  be  hoped  from  ultra-sound  in  mild  forms  of  atrial  septal 
defect  (ASD).  The  signs  of  volume  overload  of  the  RV,  with  no  specificity  are 
detected  only  in  fairly  massive  ASD.  2DE  which  is  more  reliable  in  assessing 
the  volume  of  the  RA  and  the  RV  does  not  detect  the  septal  defect  in  the  four 
cavity  section  unless  this  fairly  massive. 

Similar  remarks  also  hold  for  VSD.  Volume  overload  of  the  LV,  dilatation  of 
the  LA  and  the  RV  occur  only  in  the  case  of  fairly  considerable  shunts  which 
are  unlikely  to  have  been  unnoticed  prior  to  the  expert  examination. 

2DE  does  not  visualise  the  septal  defect  unless  this  is  considerable  and 
situated  high  up.  The  Pulsed  Doppler  may  establish  the  diagnosis  in  some 
cases  by  detecting  evidence  of  turbulence  to  the  right  of  the  septum. 

c)  Rhythm  and  conduction  disturbances 

Abnormalities  of  septal  movement  have  been  described  during  the  complete 
left  bundle  branch  block  and  type  B  WPW  syndromes.  These  are  of  little 
diagnostic  interest  and  the  purpose  of  echocardiography  is  more  likely  to  be 
the  investigation  of  causative  or  associated  heart  disease. 


IV  /  APPLICATION  TO  THE  EXPERT  EXAMINATION  OF  FLYING  PERSONNEL  / 

We  will  now  consider  the  practical  modalities  of  the  application  of  echocardio¬ 
graphy  to  the  expert  examination  of  flying  personnel. 

IV. 1  Selection  of  apparatus 

It  is  essential  that  an  examination  combining  the  TM  and  2D  modes  be  carried 
out  since,  as  we  have  shown  before,  the  two  methods  are  complementary. 

Pulsed  Doppler  Echocardiography  is  definitely  an  interesting  addition  in  the 
diagnosis  of  valvular  regurgitation  particularly  of  tricuspid  incompetence  and  some  forms 
of  ventricular  septal  defects.  However,  these  indications  are  relatively  restricted  in 
the  expert  examination  of  FP.  Furthermore  this  type  of  examination  is  lengthy  and 
requires  a  highly  experienced  technician  and  these  considerations  explain  why  the  PDE 
remains  limited  to  a  few  highly  specialised  laboratories. 

The  addition  of  a  micro-computer  saves  time  in  the  interpretation  of  the 
recordings,  and  also  increases  the  possibility  of  quantitative  echocardiography, 
particularly  in  the  evaluation  of  left  ventricular  function.  However  it  should  be 
remembered  that  the  indices  provided  remain  dependent  on  the  quality  of  the  echographic 
recordings  and  on  the  soundness  of  the  operator's  selection.  Experience  has  also  shown  that 
in  clinical  practice  the  single  indices  of  left  ventricular  function  provided  by  the 
manual  interpretation  of  the  recordings  are  sufficiently  discriminating. 


IV. 2  Indications  for  ultra-sonic  examination 


IV. 2 .a  ?outine_echocardiography 


Should  flying  personnel  be  routinely  submitted  to  ultrasonic  examination 
in  the  absence  of  any  special  sign  and  if  so  under  what  conditions? 

a)  Systematic  admission  ultra-sound 

In  theory  this  is  an  attractive  proposal  but  it  is  not  realistic. 
Echocardiographic  examination  would  doubtless  result  in  the  detection  of  some 
minor  heart  diseases  which  escape  the  routine  clinical  and  paraclinical 
examinations  and  which  in  the  long  run  may  develop  so  as  to  threaten  both 
air  safety  and  the  career  of  the  subject  involved.  The  idea  is  also 
attractive  from  an  epidemiological  and  prognostic  point  of  view  concerning 
heart  conditions,  the  frequency  and  development  of  which  remain  unclear 
(symptom-free  mitral  ballooning,  incipient  forms  of  hypertrophic  myocardiopathy ) . 


J 


1 39 

On  the  other  hand  it  should  be  pointed  out  that  a  complete  echocardiographic 
examination  is  relatively  lengthy  and  is  not  suitable  for  the  examination  of 
a  fairly  large  number  of  subjects  within  a  limited  time.  Furthermore  it  is 
almost  certain  that  the  gains  from  such  an  approach  would  be  limited  and 
that  air  safety  would  gain  little. 

This  is  not  the  case  however  if  this  routine  electrocardiographic 
screening  is  limited  to  certain  types  of  flying  personnel  exposed  to 
a  maximum  of  aeronautical  risk  factors  such  as  pilots  of  high  performance 
aircraft  or  astronauts.  The  severity  of  the  acceleration  to  which 
these  individuals  are  subjected  justifies  screening  for  inf ra-clinical  heart 
conditions  which  may  be  aggravated  by  flight  and  which  may  also  threaten 
air  safety.  This  particularly  concerns  mitral  ballooning  and  mild  forms 
of  hypertrophic  myocardiopathy  and  possibly  for  obstructive  conditions 
known  for  their  propensity  to  disturb  rhythm. 

b)  Routine  echocardiography  during  professional  life 

This  would  seem  desirable  only  for  the  most  highly  exposed  categories 
of  personnel,  particularly  with  the  intent  of  screening  for  ischaemic 
cardiopathy.  It  remains  to  establish  the  intervals  and/or  age  at  which 
such  routine  examinations  should  take  place.  We  should  also  draw  attention 
to  doubts  concerning  the  value  of  echocardiography  in  the  detection  of 
latent  coronary  failure. 

IV. 2. b  Guided^echocardiography 

It  is  certain  that  echocardiography  is  valuable  in  two  types  of  situation: 

a)  In  the  case  of  a  well  characterised  cardiovascular  abnormality 

Echocardiography  should  be  included  amongst  the  examinations  intended  to 
determine  the  repercussions  of  such  a  condition  if  there  is  to  be  any 
question  of  maintaining , even  in  limited  fornv  fitness  for  flight. 

The  absence  of  echocardiographic  signs  of  left  ventricular  overload,  associated 
with  normal  myocardial  performance  indices  constitute  a  highly  favourable 
element  if  combined  with  moderate  hypertension,  mitral  or  aortic  regurgitation 
considered  slight  on  the  basis  of  a  clinical  electrocardiographic  radiological 
or  phonomechanographic  criteria. 

In  subjects  whose  fitness  is  maintained,  the  regular  performance  of  ultra 
sound  examinations  may  detect  earlier  than  routine  paraclinical  examinations 
the  first  signs  of  left  ventricular  distress  taking  the  form  of  a  progressive 
change  in  the  ejection  index  and  the  VCF. 

b)  Diagnostic  aid  in  some  circumstances  frequently  encountered  during  the 

expert  examination  of  FP. 

EQUIVOCAL  SYSTOLIC  MURMURS:  These  are  small  partial  murmurs  which  may 
be  protosystolic,  protomesosystol ic  (even  mesosystol ic ) ,  they  may  also  be 
variable  and  are  generally  sited  over  a  fairly  widespread  left  latero-sternal 
region.  Usually  such  murmurs  are  without  pathological  significance.  In 
doubtful  cases  ultra- sound  should  be  routinely  requested  in  the  same  way  as 
phonomechanographic  examination.  The  examination  has  the  major  advantage  of 
permitting  the  total  exclusion  of  obstructive  hypertrophic  myocardiopathy  as 
long  as  it  is  combined  with  a  phonomechanogram  and  with  pharmacological  tests 
since  the  dynamic  obstructive  syndrome  may  not  be  present  in  the  basal  state. 

ISOLATED  MESOSYSTOLIC  CLICK:  An  isolated  apical  telesystolic  murmur  may 
initially  suggest  MR  and  the  association  of  a  telesystolic  click-murmur 
suggestive  of  mitral  ballooning  with  leakage,  one  should  however,  remain 
reserved  in  the  interpretation  of  isolated  mesosystolic  clicks.  Echocardio¬ 
graphy  makes  it  possible  to  visualise  mitral  ballooning.  Pharmacodynamic 
tests  and  the  phonocardiogram  are  essential  even  when  the  ultra  sound  is 
normal  :  they  alone  can  confirm  or  infirm  the  presence  of  mitral  leakage. 

It  is  only  when  all  results  (ECG,  radiology,  ultra- sound  and  phonomechanography 
with  methoxamine  and  amyl  nitrite  tests)  are  normal  that  the  absence  of  any 
pathological  significance  of  the  click  can  be  included  and  the  condition 
described  as  asynchronic  mitral  closing. 

DISCOVERY  OF  MODERATE  CARDIOMEGALY :  The  problem  frequently  arises  of  the 
discovery  of  a  cardiac  shadow  of  fairly  limited  size  during  radiology. 
Echocardiography  may  provide  useful  diagnostic  informationi 

-  not  so  much  suggesting  valvular  disease, (which  is  unlikely  to  have 
failed  to  be  detected  by  routine  examinations  if  it  has  given  rise 
to  enlarged  heart)  or  to  chronic  pericardial  effusion  (which  is  very 
rarely  detected  in  the  absence  of  suggested  signs), 

-  but  particularly  suggesting  inf ra-cl inical  incipient  myocardiography . 

In  highly  athletic  subjects  (who  often  also  present  slight  electrocardiographic 
abnormalities),  left  ventricular  hypertrophy-dilatation  is  associated  with 
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a  very  forceful  contraction  immediately  visible  on  the  TM  echocardiogram  and 
confirmed  by  high  values  of  the  performance  indices,  a  situation  very  different 
from  that  of  incipient  myocardiography . 

APPARENTLY  ISOLATED  ECG  ABNORMALITIES:  Primary  disturbances  of  repolar 1 zat ion 
cause  the  problem  of  latent  coronary  arteritis,  but  may  be  symptomatic  of 
cardiopathies  with  signs  which  are  poorly  or  variably  detected  by  auscultation 
(mitral  ballooning,  mitral  myocardiopathies )  or  which  may  be  encountered  in 
normal  or  in  strong  subjects  in  order  not  to  overlook  one  or  other  of  these 
conditions.  The  examination  may  sometimes  provide  indirect  information 
suggesting  coronary  failure  but  it  should  be  remembered  that  a  normal  echocard¬ 
iography  cannot  be  used  to  refute  such  a  diagnosis. 

Frequent  ventricular  extrasystoles  also  require  echocardiography  for  the 
screening  of  the  same  conditions.  Furthermore  this  examination  is  also 
essential  in  the  presence  of  supra-ventr icular  paroxysmal  tachycardia,  flutter 
or  paroxysmal  atrial  fibrillation. 

In  the  presence  of  partial  right  bundle  branch  block,  echocardiography  is 
not  required  to  confirm  cardiac  integrity  if  the  patient  is  young, 
asymptomatic  and,  particularly,  athletic. 

However,  the  examination  is  require**  in  cases  of  complete  right  bundle  branch 
block  or  left  bundle  branch  block,  both  of  which  may  often  be  symptomatic  of 
hypertensive  or  primitive  ischaemic  myocardiopathy .  It  should  be  remembered 
that  in  the  case  of  complete  left  bundle  branch  block  the  displacement  of  the 
septum  is  abnormal  on  the  echocardiogram. 

Pre-excitation  syndromes  including  short  PR,  also  justify  recourse  to 
echocardiography  since  they  may  sometimes  be  associated  with  heart  diseases 
which  may  pass  unnoticed.  This  is  the  case  for  some  types  of  myocardiopathy 
or  of  mitral  ballooning  (the  latter  abnormality  may  be  secondary  to 
pre-excitation) . 

IN  CONCLUSION 

The  various  modalities  of  echocardiography  provide  a  valuable  aid  in  the 
expert  examination  of  flying  personnel.  This  technique  should  be  added  to  the  list  of 
non-invasive  explorations  suitable  for  flying  personnel,  since  the  examination  does 
not  replace  but  complete  the  other  methods.  Apart  from  special  cases  mentioned  in  the  text 
it  would  not  appear  that  echocardiography  should  be  used  routinely  but  only  in  the  presence 
of  certain  common  cardiological  problems  which  it  may  help  to  solve. 
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CAPTIONS  OF  THE  FIGURES 


1  One  dimensional  echocardiography  :  A,  B  and  TM  modes 


AW 

anterior  wall 

RV 

:  right  ventricle 

PW 

posterior  wall 

LV 

;  left  ventricle 

S 

septum 

Ao 

;  aorta 

AMV 

anterior  mitral  valve 

LA 

;  left  atrium 

PMV 

posterior  mitral  valve 

US 

;  direction  of  beam 

2  Real  time  echocardiography 

1.  Multiscan 

2.  Sectorscan  (after  LESBRE) 

3  Usual  incidences  (after  FEIGENBAUM) 

AMV  :  anterior  mitral  valve 
PMV  :  posterior  mitral  valve 

4  Transmitral  incidence 

DE  :  maximum  opening  amplitude  of  the  AMV 
EF  :  rapid  protodiastolic  closing 
A  :  telediastolic  reopening  (atrial  systole) 
CD  :  systolic  phase 
En  :  Endocardium 
Ep  :  Epicardium 

5  Aorta-LA  incidence 

Inf  :  pulmonary  infundibulum 
SO  :  semilunar  opening 
SC  :  semilunar  closing 
Q-SO;  pre-ejection  period 
SO-SC  :  ejection  time 

6  Sub-mitral  incidence 


DD 

:  telediastolic 

diameter 

SD 

;  telesystolic 

diameter 

DT 

;  telediastolic 

thickness 

ST 

;  telesystolic 

thickness 

Me 

:  mitral  chordae 

TD 

:  telediastole 

TS 

;  telesystole 

7  Apex-Aorta  scan 


8  2DE  major  axis  section 

A  :  diagram  of  the  structures  visualised  in  this  incidence 
B  :  normal  2D  echocardiogram 

9  Minor  axis  sections 

A  :  structures  visualised  in  function  of  the  section  planes 

1  -  through  the  major  vessels 

2  -  through  the  mitral  valve 

3  -  through  the  pillars 

(Pis  pulmonary  infundibulum;  TV;  tricuspid  valve;  P;  posterior 
mitral  pillar;  A;  anterior  mitral  pillar) 

B  ;  section  through  the  mitral  valve 

10  Apical  incidences 

A  :  4  cavity  section 

A TV  :  anterior  tricuspid  valve 
B  ;  LV-LA  section 

11A  Pulsed  Doppler  Echocardiography;  recording  of  the  normal  transcuspid  flow 

Doppler  window  (W)  is  behind  the  anterior  tricuspid  valve  (ATW).  The 
Doppler  spectrum  graph  (SD)  shows  a  normal  flow  during  diastole  (D) 
and  the  absence  of  flow  during  systole  (S) 
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1IB  PDE 

The  Doppler  window  is  placed  behind  the  tricuspid 
Holosystolic  turbulence  in  the  RA  (arrow). 

12  Volume  overload  of  LV 

Extended  pathway  of  the  septum  (S)  and  of  the  posterior  wall  (PW) 

13  Pressure  overload  of  LV 

Considerable  increase  in  the  thickness  of  the  septum  and  of  the 

posterior  wall 

Reduced  EF  slope  of  the  AMV 

14  Volume  overload  of  RV 

Dilatation  of  RV:  paradoxical  septum  (arrow) 

15  Congestive  myocardiopathy 

Hypokinesia  of  the  walls;  left  ventricular  dilatation  (DD  =  75  mm); 
small  mitral  with  low  flow  (arrow) 

16  Tight  mitral  stenosis  and  alteration 

17  Mitral  ballooning 

A  :  telesystolic  bulge 
B  :  pansystolic  hammock 

18  Aortic  incompetence 
AMV  fluttering 

19  Obstructive  myocardiopathy 

A:  Mitral  incidence:  SAM  of  nearly  100%;  septal  collision  of  the  AMV; 
considerable  increase  in  septal  thickness 

B:  Aorta-LA  incidence:  Mesosystolic  closing  and  vibrations  of  the 

anterior  semilunar  (arrow). 

20  Appearance  of  hypertrophic  myocardiopathy  in  2D  Echography 

A:  sub-aortic  septal  ridge 
B:  widespread  septal  form 
C:  apical  form 
D:  diffuse  symmetric  form 

21  Major  axis  sagittal  section 

Considerable  septal  hypertrophy  partially  blocking  the  left  ventricular 
cavity . 
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EXPLORATION  OF  ARTERIAL  FUNCTION  USING 
DOPPLER  FLOW  DETERMINATION 

APPLICATION  TO  AERONAUTICAL  AND  SPACE  MEDICINE 

by  A.  Didier,  H.  Ille,  C.  Ribadeau-Dumas ,  Ph.  Lantrade  et  Ch .  Hiltenbrand* 


Since  initial  studies  by  Japanese  researchers  in  the  1960's  (SATOMURA;  KATO), 
the  use  of  the  Doppler  effect  to  determine  the  rate  of  blood  flow  through  the  vessels 
(flow  determination  or  velocimetry)  has  been  widely  and  successfully  developped, 
particularly  in  France.  It  has  become  a  routine  examination  in  angiology. 

The  accuracy  of  the  data  obtained  and  the  total  lack  of  risk  of  the  method 
suggests  that  it  should  have  a  place  in  aeronautical  and  space  medicine,  in  the  medical 
examination  of  flying  personnel  and  the  investigation  of  physiological  changes  of 
arterial  flow  in  the  body  during  current  aeronautical  and  space  pressures. 

PRINCIPLE  OF  THE  METHOD 

The  Doppler-Fizeau  effect  is  a  change  in  frequency  of  a  vibration  when  the 
source  moves  relative  to  the  observer. 

The  Doppler  ultrasonic  determination  of  the  blood  flow  rate  makes  use  of 
this  principle  by  determining  the  change  of  frequency  (delta  F)  of  an  ultrasonic  beam 
directed  onto  the  vessel  under  study.  The  beam  is  reflected  by  solid  elements  within  the 
blood,  the  flow  rate  of  which  is  the  same  as  that  of  the  bloodstream  as  a  whole. 

The  change  of  frequency  is  a  function  of  the  blood  flow  but  also  of  the  angle  (theta) 
of  incidence  at  which  the  ultrasonic  beam  strikes  the  vessel  (figure  1). 

The  data  obtained  is  in  the  form  of  a  velocity  and  its  exact  determination  depends  on 
knowing  the  angle  theta. 

Calculation  of  the  blood  flow  rate  depends  on  determination  of  the  cross-section 
of  the  vessel. 

INSTRUMENTS  USED 

1 )  Continuous  ultra -sound  emitting  instruments 

These  are  the  simplest,  least  costly  and  most  effective.  They  are  used  in  routine 
daily  practice. 

-  some  are  simple  ultrasonic  stethoscopes ,  consisting  of  a  probe  which  both 
emits  and  detects  ultra -sound  and  of  a  stethoscope  connected  to  a  black  box.  This  type 
of  apparatus  may  be  completed  by  a  recorder  providing  a  permanent  record  in  the  form  of 

a  chart.  This  type  of  equipment  is  not  able  to  determine  the  direction  of  blood  flow 
relative  to  the  probe  ( non-direct ional  instruments). 

-  directional  flow  determining  instruments  are  more  widely  used  in  practice. 
Exploration  of  the  artery  makes  use  of  a  pencil-probe  the  tip  of  which  bears  two  crystals, 
the  one  an  emitter  and  the  other  a  receiver.  Present  instruments  have  two  interchangeable 
probes,  the  one  with  a  4  MHz  frequency  and  the  other  with  an  8  MHz  frequency,  which 
provides  a  wide  range  of  effectiveness  with  respect  to  the  depth  of  the  vascular  flow 
investigated.  After  filtering  and  amplitude  demodulat ion ,  the  signal  received  corresponds 
to  the  difference  between  the  emitted  frequency  and  the  reflected  frequency.  This  is 

made  audible  by  means  of  a  loudspeaker,  or  visible  on  a  galvanometer,  or  sometimes  r<>corck'd  in 
the  form  of  a  velocity  chart  on  heat  sensitive  paper. 

This  apparatus  is  directional:  by  means  of  a  phase  detector  and  a  differential 
system  the  exit  signal  is  either  positive  or  negative  depending  on  the  direction  of  the 
velocity  vector  relative  to  the  probe. 

Because  of  lack  of  information  concerning  the  angle  theta  and  the  cross-sect  ion  of 
the  vessel,  the  information  available  is  limited  to  an  approximation  of  the  speed  of 
solid  elements  within  the  blood  of  the  vessel  investigated  opposite  the  probe. 

2 )  Pulsed  emission  instruments 

These  instruments  seek  to  overcome  these  limitations  at  a  cost  of  a  considerable 
increase  in  instrumentation,  handling  difficulties  and  cost.  They  aim  to  provide  an 
accurate  determination  of  velocity  and  of  blood  flow  in  the  vascular  cross-section 
invest igated . 

There  is  no  longer  need  to  determine  the  angle  theta  because  of  a  double  emitting 
probe  the  crystals  of  which  are  at  a  fixed  angle  to  one  another.  The  measurement  is  taken 
only  when  the  signals  from  the  two  transducers  are  perfectly  symmetrical. 

Emission  takes  the  form  of  a  series  of  ultrasonic  waves  and  the  measurement  is 
taken  in  a  window  (an  electronic  gate)  which  is  set  at  a  fixed  delay  after  the  ultrasonic 
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emission,  as  well  as  the  duration  of  opening.  The  delay  establishes  the  depth,  the  duration, 
and  the  thickness  of  the  zone  investigated.  Scanning  the  whole  cross-section  of 

the  vessel  from  one  wall  to  another  by  means  of  a  series  of  successive  determinat ions , 
the  diameter  of  the  vessel  is  determined  exactly.  At  each  level  the  instantaneous  and 
mean  velocity  of  the  solid  elements  within  the  blood  is  recorded  and  this  provides  a 
profile  of  the  relevant  velocities  for  a  determination  of  the  physical  characteristics 
of  the  flow.  Given  the  diameter  of  the  vessel  and  the  rate  of  flow  of  the  blood,  it. 
is  possible  to  calculate  the  local  flow  rate  which  is  conveniently  displayed  by  a  computer. 


Figure  1 

Principle  of  DOPPLER  effect  determination 
of  blood  flow  rate 

1  :  Probe 

2  :  Contact  paste 

3  :  Skin  and  surface  tissues 

4  :  The  vessel  studied 

delta  F  :  difference  between  the  frequency  of  the  emission  beam 
and  of  the  beam  being  reflected  from  the  vessel 
V  :  velocity  of  the  blood 
C  :  velocity  of  ultrasonic  propagation. 
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METHOD 


The  examination  is  always  bilateral  and  symmetric  and  is  carried  out  with  the 
subject  lying  down. 

1 )  Arteries  explored 

-  In  the  cervico-cephalic  region  the  sub-clavian  arteries,  brachiocephalic  artery 
trunk,  common  and  internal  carotids,  orbital  ophthalmic  arteries,  and  vertebral  arteries 
can  be  explored  together  with  the  permeability  of  the  communicating  vessels  of  the  Willis 
circle. 

-  In  the  arms,  the  sub-clavian  axillary,  humeral,  radial  and  cubital  arteries,  the 
palmar  and  interdigital  arches  and  the  arteries  of  the  pulp  can  be  investigated. 

-  The  arteries  of  the  legs  accessible  to  this  examination  are  the  common, 
superficial  and  deep  femorals,  the  popliteals,  the  anterior  and  posterior  tibials,  the 
peroneal  and  interosseous  arteries  and  dorsal  artery  of  the  foot. 

-  In  the  abdomino-pelvic  region  it  is  sometimes  possible  to  explore  the  aorta  and 
the  root  of  the  digestive  branches  and  common,  internal  and  external  iliac  arteries. 

2 )  The  examination 

This  method  requires  a  highly  experienced  operator  if  it  is  to  be  successful. 
Identification  of  the  artery  under  study  (on  its  anatomical  pathway,  from  the  signal 
obtained  and  from  various  distinguishing  compressive  manoeuvres)  obtaining  the  best  signal, 
detection  of  anatomical  defects  or  abnormal it ies ,  obtaining  a  good  recording,  all  require 
practice  both  in  manoeuvres  and  in  listening.  This  presupposes  several  months'  practice 
and  the  carrying  out  of  hundreds  of  examinations.  This  is  even  more  true  in  the  case  of 
pulsed  Doppler  flow  rate  determinations  which,  it  should  be  stressed,  is  still  a  research 
technique  and  restricted  by  two  factors  which  are  only  temporary  drawbacks! 

-  the  first  is  the  length  and  difficulty  of  the  procedure.  It  requires 
10-25  separate  determinations  to  obtain  a  profile  of  the  flow  rate  across 
an  arterial  section.  The  accuracy  of  these  determinations  depends  on 
maintaining  the  correct  position  of  the  probe  on  the  skin.  "Multiple 
window"  instruments  will  make  it  possible  to  obtain  the  profile  of  flow 
rate  in  a  single  determination  and  so  simplify  the  procedure. 

-  the  second  is  the  excessive  size  of  the  double  probe  which  makes  it 
difficult  to  determine  the  flow  in  some  arteries  (in  the  neck  and  extremities 
in  particular)  It  is  greatly  to  be  hoped  that  smaller  double  probes,  fitted 
with  an  attachment  system,  will  become  available. 

RESULTS 

1 )  Continuous  emission  Doppler  arterial  angiography 
This  method  is  able  to  : 

-  determine  the  site  of  stenoses  or  obliterations,  assess  their  functional  importance  and 
identify  any  replacement  circuits  called  into  play; 

-  assess  the  extent  of  peripheral  arterial  resistance  downstream  from  the  point 
investigated; 

-  detect  loops,  ectasias  and  f ibro-muscular  dysplasias; 

-  in  the  cervix,  the  method  can  be  used  to  assess  the  functioning  of  the  Willis  circle 
and  the  basilar  artery. 

Some  examples  will  make  this  clear: 

Figure  2  shows  normal  artery  flow  determination  records  from  the  legs. 

In  the  records  shown  we  can  see: 

A  large  positive  primary  systolic  wave  with  a  rapidly  rising  section  and  a  more 
slowly  falling  section  during  which  the  blood  flow  rate  slows  and  then  ceases.  These 
arteries  supply  a  muscu 1 o-cut aneous  territory  and  peripheral  arteriolar  resistances  are 
high.  The  systolic  wave  is  therefore  followed  by  a  negative,  or  reflux  wave  corresponding 
to  the  reversal  of  the  blood  flow.  One  or  more  positive  and  then  negative  waves  of 
decreasing  amplitude  may  follow,  these  vary  depending  on  the  elasticity  of  the  arteries 
and  the  peripheral  resistances.  These  oscillations  of  the  curve  reflect  the  restoration 
of  the  energy  transmitted  to  the  wall  by  the  systolic  impulse.  The  curve  finally  returns 
to  the  zero  line  corresponding  to  zero  velocity,  until  the  following  systole.  This 

is  the  pattern  deterted  in  all  veiocimetric  curves  for  the  arteries  of  the  legs  and  arms 
with  a  dampening  of  the  various  effects  towards  the  extremities. 

Figure  3  shows  an  example  of  stenoses  of  the  common  femorals:  tight  on  the 
right  hand  side,  and  mild  on  the  left  hand  side. 

-  At  the  level  of  the  stenosis,  on  the  right  there  is  a  systolic  reflux  and  a 

loud  gratinq  sound  is  heard.  If  it  had  been  any  greater,  it  would  not  have 

been  possible  to  record  the  results.  In  less  severe  stenoses,  there  is  either  a  dip  in 
the  systolic  rise  or  a  definite  acceleration  in  the  systolic  and  diastolic  velocities. 

This  is  the  case  for  the  left  common  femoral. 

-  Downstream  from  the  stenosis  on  the  right  there  is  considerable  demodulation 
of  the  curves,  they  are  spread  out  and  the  reflux  waves  have  disappeared.  On  the  left 
the  downstream  oscillations  are  virtually  normal. 

-  Upstream  from  the  stenosis  there  would  be  a  reduction  of  the  flow  rate, 
spreading  of  the  curve  and  the  disappearance  of  secondary  reflux  waves. 

-  (Photograph  1)  -  Arterial  angiography  confirms  this  Doppler  functional  evaluation 
by  revealing  the  expected  anatomical  lesions. 


Figure  3 
Stenoses 

Tight  stenosis  of  the  right  common  femoral 
Mild  stenosis  of  the  left  common  femoral 
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Figure  4  shows  the  normal  doppler  results  obtained  from  the  cervical  arteries. 
Arteries  supplying  the  brain  have  very  special  velocity  characteristic's:  sinre  intra¬ 
cerebral  peripheral  artenoiai  resistances  are  very  low,  the  phenomenon  of  diastolic 
reflux  disappears  and  there  is  a  characteristic  permanent  diastolic  flow. 

The  prevertebral  section  of  the  sub-Flavian  artery  and  the  common  carotid  have  a 
mixed  distribution  and  present  an  intermediate  velocimetnc  pattern.  Anatomy,  the 
presence  of  a  musculo-cutaneous#  cerebral  or  mixed  distribution  pattern,  and  various 
compression  manoeuvres  make  it  possible  to  distinguish  between  the  sub-clavian  artery, 
the  brachio-cephalic  arterial  trunk,  the  common,  internal  and  external  carotids,  the 
vertebral  arteries  and  the  branches  of  the  ophthalmic  arteries  and  also  to  invest lqato 
the  permeability  of  the  Willis  circle  and  the  basilar  trunk. 

Figure  5  is  an  example  of  the  diagnosis  of  obliteration  of  the  left  internal 
carotid  upstream  from  the  ophthalmic  artery  and  confirmed  by  arterial  angiography  (photograph 
2  >.  The  following  features  can  be  seen  on  the  velocimetnc  recordings: 

-  a  reduction  of  the  diastolic  flow  rate  in  the  left  common  carotid  (indicating 
a  downstream  obstacle); 

-  the  absence  of  flow  in  the  internal  carotid; 

-  the  reversal  of  the  direction  of  blood  flow  in  the  o»»ht supplied  by 
one  or  several  branches  of  the  external  carotid  and  which  irrigates  the 
carotid  syphon  against  the  normal  stream.  As  a  result,  the  distribution 
territory  of  the  external  carotid  becomes  encephalic  and  the  Doppler  recording 
shows  the  increased  diastolic  flow. 

Special  cases: 

Doppler  flow  determination  provides  an  easy#  low-cost  and  high  safety  method  for 
the  diagnosis  of  certain  arterial,  anatomical  or  pathological  abnormalities. 

-  An  arterial  loop  is  probable  if  two  identical  streams  are  detected  side  by  side 
but  in  opposite  directions  and  which  react  in  the  same  way  to  compression  manoeuvres. 

-  Ecstasis  is  to  be  expected  if  there  is  a  sudden  slowing  of  the  blood  flow  rate 
with  large  reflux  waves  and  sometimes  turbulence. 

-  An  arteriovenous  fistula  is  to  be  suspected  if  an  excessive  flow  is  detected  in 
an  artery  and  if  this  flow  can  be  reduced  by  compression  of  the  relevant  territory. 

-  Doppler  flow  rate  determination  provides  an  elegant  diagnosis  of  sub-clavian 
theft  in  cases  of  sub-clavian  stenosis  upstream  from  the  root  of  the  vertebral  artery. 

In  this  case  we  find: 

-  stenosis  of  t>e  sub-clavian; 

-  permanent  reversal  (or  in  some  cases  a  reversal  triggered  by  hyperaemia 
produced  in  the  arms  by  the  sudden  tightening  of  an  arm  band)  of  flow  in  the 
homolateral  vertebral  vessel. 

-  Ultra-sound  flow  determination  of  the  circulation  in  the  humeral  artery  during 
various  rotation-extension  tests  of  the  head  and  abduction  of  the  arm  provides  clear  evidence 
of  any  syndromes  involving  compression  of  sub-clavian  in  the  t horaco-brach ial  section) 

(CALL  and  ROTH;  ADSON  and  WRIGHT). 

-  As  we  have  described,  unusual  flow  patterns  are  detected  in  the  extremities, 
either  spontaneously  or  in  response  to  cold,  particularly  for  the  interdigital  arteries, 
in  cases  of  Raynaud's  phenomenon  (1). 

2)  Pulsed  emission  arterial  Doppleroqraphy 

This  technique  combines  continuous  emission  ultra-sound  flow  ra'e  determinations 
with  determination  of  the  diameter  of  the  artery  under  investigation,  drawing  up  of  a 
velocity  profile  across  this  diameter,  and  the  de terminat ion  of  the  i nstant aneous  and 
mean  velocities  at  the  point  investigated.  Hence  it  determines  the  arterial  flow  through 
the  section  studied. 

The  authors  have  reported  initial  results  obtained  in  normal,  athletic  and 
arteritis  subjects  (2-3-5).  We  give  a  table  showing  the  results  from  normal  subjects. 

Figure  6  shows  the  velocity  profiles  obtained  from  a  carotid  and  femoral  artery. 

The  diastolic  difference  between  the  two  flow  patterns  is  clear.  These  profiles  have 
the  advantage  of  reflecting  the  type  of  blood  flow  which  may  be  laminar,  unstable  or 
turbulent.  ( 3  —  5  —  6  —  7) 

REMARKS 

1)  Continuous  emission  ultra-sound  flow  determinat ion  is  a  reliable,  accurate,  and 
reproducible  method  for  exploring  peripheral  arterial  function.  False  positives  or 
false  negatives  are  rare  (less  than  5%)  when  the  method  is  used  by  experienced  operators. 

The  method  is  totally  non-mvasive  and  is  ideal  for  use  in  daily  angiological  clinical 
practice  for  the  diagnosis  and  post -treatment  monitoring  of  arterial  disorders.  This 
method  obviously  can  be  of  value  in  several  ways  in  the  expert  medical  examination  of 
flying  personnel. 

-  During  an  admission  expert  examination,  ultra-sonic  flow  determination  is  the 
best  test  for  determining  if  a  given  clinical  abnormality  (apparent  absence  of  the  pulse, 
auscultation  of  an  arterial  murmur)  is  pathological  or  simply  an  individual  variant  of  no 
s i gn i f icance . 

-  During  service#  if  one  or  more  vascular  risk  factors  are  present,  what  is 
important  is  not  the  metabolic  abnormality  but  the  presence  or  absence  of  arterial 

deter iorat ion .  Together  with  other  methods  of  investigation,  ultra-sound  flow  determin¬ 
ation  can  provide  valuable  information:  reduced  arterial  elasticity#  presence  of  one 
or  more  int racl inical  stenoses,  increased  peripheral  arteriolar  resistances,  etc.... 


Photograph  2  -  Arterial  angiography  confirming  the  obliteration  of  the 
internal  carotid  just  after  the  bifurcation  l same 
patient  as  in  the  flow  rate  records  shown  in  figure  5). 


-  but  particularly  suggesting  inf ra-cl inical  incipient  myocaraiograpny . 

In  highly  athletic  subjects  (who  often  also  present  slight  electrocardiographic 
abnormalities),  left  ventricular  hypertrophy-dilatation  is  associated  with 


(a)  femoral  artery 


(b)  internal  carotid 


Figure  6  -  Instantaneous  velocity  profiles  obtained  from  a  femoral 
artery  (a)  and  an  internal  carotid  artery  (b). 


-  For  Fp  as  for  other  patients  treated  for  arterial  disease,  Doppler 
investigation  remains  the  essential  monitoring  examination  for  the  assessment  of  the 
quality  and  persistence  of  the  result  and  provides  an  objective  dossier  on  which  to 
base  discussion  of  a  return  to  work. 

2)  Pulsed  emission  ultra’sonic  velocimetrv  remains  at  present  a  research 

method. 


This  method  would  seem  to  be  of  particular  interest  in  the  realm  of  aeronautic 
and  space  medicine  because  of  its  non-invasive  nature  and  the  lack  of  inconvenience 
caused  to  the  subject.  The  method  can  be  used  to  determine  arterial  flow,  flow  rate, 
segmental  flow  and  instantaneous  flow  rate  profiles  during  aeronautical  stress  or  in 
passengers  during  space  flights  and  also  to  monitor  any  fluctuations  occurring  during 
the  various  types  of  stress  encountered. 

Many  fundamental  investigations  are  being  carried  out  at  present  in  order  to 
define  measurable  parameters  of  stability  of  blood  flow.  Unstable  blood  flow  would 
appear  to  be  a  very  important  factor  in  the  origin  of  arterial  stenoses  (3-5-6-7J.  It 
is  possible  to  define  an  index  of  flow  stability  based  on  the  spectrum  analysis  of  the 
instantaneous  velocity  profiles  (6). 

This  field  of  research  is  all  the  more  rewarding  since  in  the  near  future 
vascular  ultra-sound  will  complete  the  Doppler  investigation  in  an  ultra-sonic 
exploration  complex  outlined  by  JAQUET  as  early  as  1970  (4).  This  ultra  sound-angio- 
Dopplerography  is  in  the  process  of  becoming  operational  and  some  experienced  workers 
have  produced  excellent  images  of  longitudinal  arterial  sections  revealing  even  the 
slightest  parietal  abnormality  and  these  are  completed  by  the  kinetic  information  provided 
by  the  Doppler  effect. 

The  scope  of  non-invasive  arterial  function  investigation  is  in  the  process 
of  taking  the  great  step  forward.  It  is  inevitable  that  aeronautic  and  space  medicine 
and  research  will  benefit  from  this. 
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CAPTIONS  TO  ILLUSTRATIONS 

Principle  of  Doppler  effect  determination  of  blood  flow  rate 

Doppler  flow  rate  charts  obtained  from  the  arteries  of  the  legs 

Stenoses  of  the  two  superficial  femorals,  tight  on  the  right, 
mild  on  the  left 

Aorto-ilio-femoral  arterial  angiograph  of  the  patient  whose 
velocimetric  study  results  are  shown  in  figure  3 

Normal  Doppler  recordings  obtained  from  the  cervical  and 
cephalic  arteries 

Obliteration  of  the  left  internal  carotid  upstream  from  the 
root  of  the  ophthalmic 

Arterial  angiography  confirming  the  obliteration  of  the  internal 
carotid  just  after  the  bifurcation  (same  patient  as  *-hat  in  the 
flow  rate  records  shown  in  figure  5). 

Instantaneous  velocity  profiles  obtained  from  a  femoral  artery  (a) 
and  an  internal  carotid  artery  (b). 

Pulse  emission  Doppler  arterial  velocimetry 
Results  from  a  group  of  30  normal  subjects. 
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CHAPTER  9 

THE  CONTRIBUTION  OF  NUCLEAR  MEDICINE  TO  CARDIOLOGY 
by  J.F.  Gaillard* 


Isotopic  methods  of  exploration  have  developed  greatly  over  the  last  twenty  years 
and  now  constitute  important  complementary  cardiological  examinations. 

In  1948  PRINZMETAL  introduced  the  radiocardiogram  by  external  detection  recording 
of  the  dilution  curve  of  a  radioactive  indicator  in  the  cardiac  cavities. 

In  1964  CARR  introduced  static  scintigraphy,  followed  by  a  link-up  of  the  gamma 
camera  to  a  computer  which  from  the  1970's  made  possible  the  development  of  rapid  dynamic 
investigations  and  computer- processing  of  the  image  obtained. 

Recently  gamma  or  jx>sitron  emission  tomography  (which  is  based  on  the  same 
progress  in  electronics  and  algorhythmic  reconstruction  as  tomodensi tomet ry )  has  provided 
results  in  detailed  studies  of  the  vascular isat ion  and  metabolism  of  the  myocardium. 

Isotopic  methods  provide  information  which  was  generally  not  available  previously 
except  by  means  of  invasive  radiological  explorations  using  contrast  media  and  recently 
by  ultra-sound. 

The  non-invasive  functional  investigation  of  an  organ  is  the  main  contribution  of 
nuclear  medicine.  The  possibility  of  quantifying  organ  function,  of  describing  it  by 
means  of  graphs,  diagrams  and  images  remains  unrivalled  as  FREEMAN  et  al  (1980)  stress. 

The  contribution  of  nuclear  medicine  to  the  examining  expert  is  important 
because  of  the  non-invasive  nature  of  most  of  the  methods.  We  will  merely  mention  any 
invasive  techniques  which  are  to  be  excluded  in  the  initial  investigation  of  the  expert's 
examination  of  flying  personnel. 


I  -  TECHNICAL  ASPECT  OF  RADIO  ISOTOPIC  EXAMINATIONS 

Only  gamma  emitting  elements  can  be  used  for  external  detection.  Positrons 
(positive  electrons)  can  be  detected  only  because  of  the  two  511  kev  photons  which  they 
emit  in  diametrically  opposed  directions  when  they  meet  a  negative  electron  ( annihi lation ) . 
Positron  emitting  elements  are  of  interest  because  the  main  constituents  of  living  matter 
have  positron  emitting  isotopes.  The  major  drawback  is  the  short  half-life  of  the 
compounds  which  means  they  can  be  used  only  in  the  immediate  vicinity  of  the  cyclotron. 

Depending  on  their  physico-chemical  properties,  radio  elements  may  be  used  either 
alone  or  bound  to  a  vector,  the  fate  of  which  will  be  monitored  by  radiopharmaceutical 
methods . 

1 .  Radioactive  substances  used 

1.1  Non-di f f usable_ t racers 

1.1.1.  Vascular  compartment  tracers 

Tc  111  technetium  (half-life  6  hours,  gamma  energy  140  kev)  is  used  to  label 
serum-albumin  or,  preferably,  red  blood  cells.  Using  these  tracers,  it  is  possible  to 
determine  the  blood  volume, since  the  radioactivity  recorded  by  the  detector  is  proportional 
to  this  volume.  Parasitic  background  noise  and  tissue  attenuation  are  limiting 

factors  which  need  correction. 

Rather  than  a  determination  of  the  volume  itself,  changes  in  volume  can  be 
assessed  by  invest igat ion  of  radioactivity  in  function  of  time.  Tins  is  used  as  the  basis 
for  calculation  of  the  ejection  sections. 

1.1.2.  Local  perfusion  indicators 

These  are  essentially  albumin  microspheres  calibrated  at  15  to  40  microns  and 
labeled  with  either  Tc  or  by  In1 

These  microspheres  are  halted  by  the  capillaries  and  the  local  radioactivity 
level  is  proportional  to  the  flow. 

1.2  Dif fusable_radio ^.tracers 

All  substances  have  the  same  circulatory  period  and  in  addition  diffusible  tracers 
have  a  specific  distribution  corresponding  to  the  radiopharmaceutical  involved. 

1.2.1  Healthy  myocardium  labels 

1.2. 1.1  Potassium  analogues 

*  Medecin  Principal,  in  the  Service  de  Medecine  Nucleaire  at  Val-de-Grace ,  France. 


Extraction  by  the  myocardial  tissue  is  determined  from  the  coronary  flow  and 
from  the  exchange  level  between  the  bloodstream  and  viable  myocardial  tissue.  The  level 
of  exchange  depends  on  the  condition  of  the  Na-K-ATPase  system,  on  the  diameter  of  the 
hydrated  ion  and  the  degree  of  hypoxia  {only  30  seconds  of  hypoxia  are  required  to 
deplete  the  myocardial  potassium).  The  clearance  of  potassium  and  of  its  radioactive 
analogues  is  lower  in  the  myocardium  than  in  other  tissues  because  of  the  high  intra¬ 
cellular  concentration  which  dilutes  the  active  substance. 

LEBOWITZ  (1973-1975)  introduced  ’hallium  201  ,  the  excellent  physical  and 
biological  properties  of  which  led  to  the  abandonment  of  other  isotopes  of  potassium, 
rubidium  and  cesium.  Its  73-hour  half-life  and  the  energy  of  its  photons  (X  of  69  to  83 
kev  and  rarely  used  gamma  of  135  and  167  kev)  are  not  optimal  since  resolution  is  impaired 
by  attenuation  of  the  low  energy  photons  and  by  the  diffuse  radiation  of  the  higher 
energy  photons. 

Immediately  after  injection,  the  local  binding  of  thallium  is  proportional  to  the 
blood  flow  (Strauss,  1975).  A  few  hours  later,  binding  is  indicative  only  of  the 
int ra-cel lular  pool  of  potassium.  Despite  these  drawbacks  it  remains  the  best  radio 
element  for  the  imaging  of  ischaemic  or  necrotic  zones  which  are  detected  because  of  poor 
binding . 


1.2. 1.2.  Metabolic  substrates  of  the  myocardium  .  e  ,  3 

Glucose,  fatty  acids  and  amino  acids  labelled  with  C 1  ,  N 1  ,  (j  ,  F  ,  I1  '  can 

be  used  to  investigate  localised  myocardial  ischaemia,  infarction  and  regional  metabolism. 

1.2.2.  Trace's  for  the  diseased  myocardium 

9  9m 

The  most  successful  radiopharrnaceut ical  is  Tc  pyrophosphate  which  is  best 
concentrated  within  the  infarcted  myocardium.  The  mechanism  by  which  it  is  bound  is  not 
completely  explained.  For  the  pyrophosphate  to  be  bound  a  profusion  of  about  40%  of  the 
normal  level  must  remain.  This  explains  the  binding  around  the  periphery  of  the  infarction 
and  the  optimum  timing  of  the  examination  (day  2  or  3)  before  irreversible  necrosis  sets 
in  and  eliminates  perfusion. 

1.2.3.  The  inert  gases 

81  m  Krypton  (T  1/2  -  13  sec.?  190  kev)  produced  by  a  generator  is  the  ideal 
element,  for  multiple  radiocardiographic  studies  because  of  its  short  half  life,  its  energy 
level  which  is  suitable  for  gamma  cameras  and  because  of  the  low  radiation  dose 
delivered.  This  radio  element  is  also  used  to  perform  isotopic  phlebographies. 

133  Xenon  (T  1/2  =  5.3  d;  79  kev)  is  more  readily  available  but  less  suitable  than 
the  127  Xenon  (T  1/2  *  36.4  d;  172-203  kev)  . 

These  inert  gases  are  used  to  determine  the  regional  myocardial  blood  flow  after 
a  wash-out  investigation  during  intra-coronary  artery  injection.  The  limiting  factors  in 
the  use  of  xenon  arise  from  a  small  degree  of  recirculation  and  the  fact  that  it  dissolves 
in  the  epicardial  fat. 

2.  Insf rumentat ion 


.  The  single  channel  probe:  X  or  gamma  radiation  emitted  interacts  with  a 

thal 1 lum-act lvated  sodium  iodide  crystal  to  produce  the  emission  of  a  bright  flash  which 

is  detected  by  a  phot or a* node ,  amplified  and  transformed  into  an  electrical  signal. 

The  intensity  of  this  electrical  signal  is  proportional  to  the  radiation  energy  and 
can  be  used  to  eliminate  the  diffused  radiation  by  spectrometry.  There  is  a  revival  of 
interest  in  this  scint i 1 lat ion  counter  because  of  the  possibility  of  bedside  examination 
and  it  is  known  as  the  "nuclear  stethoscope". 

.  Gamma  cameras:  the  image  is  obtained  by  means  of  a  collimator  placed  in 

front  of  a  large  flat  crystal  of  sodium  iodide  and  an  electronic  system  localising  the 

scintillation.  The  image  obtained  has  two  dimensions  and  is  simply  the  projection  of 
v he  activity  present  in  the  field  of  the  gamma  camera. 

.  Data  processing:  the  gamma  camera  is  linked  to  a  micro  computer  which  makes 
it  possible  to  quantify  the  images  and  process  them  numerically  ( quant  if icat ion  of  the 
activity  in  a  specific  region  defined  by  the  operator,  preparation  of  graph,  subtraction 
of  the  background  noise,  smoothing  and  filtering  of  the  image). 

.  Emission  tomography:  development  of  electronic  techniques  and  progress  in 
al'prhythmic  image  reconstruction  made  it  possible  to  obtain  cross-section  images. 
Longitudinal  section  images  are  obtained  by  means  of  special  collimators  (multipinhole, 
Fresnel  zone...)  and  transverse  axial  sections  obtained  by  means  of  a  revolving  head  and 
an  image  reconstruction  algo  Rhytiim  using  filtered  ret  roproject  ion . 

Because  of  the  two  annihilation  photons,  positron  emitters  can  provide  a 
cross-section  image  by  means  of  a  special  apparatus  consisting  of  a  circular  or  hexagonal 
arrangement  of  the  detectors  and  equal-angle  detection. 
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IT  -  RADIOISOTOPIC  EXAMINATIONS,  COMMONLY  USED  IN  CARDIOGRAPHY 
1 .  Myocardial  scintillation  scanning 

1.1  Tc^m  Pyrophosphate:  method  advanced  by  BOWTE  et  al.  (  1974) 

-  Protocole  :  examination  is  carried  out  60  to  90  minutes  after  the  injection 

of  15  millicuries  of  Tc  pyrophosphate.  Images  are  obtained  in  the  anterior  incidence, 

the  left  profile  and  left  anterior  oblique.  If  a  posterior  infarction  is  being  investigated 
a  further  image  is  obtained  in  the  right  anterior  of  the  incidence. 

-  Results:  visualisation  of  the  infarcted  zone  is  possible  between  days  6  and  1<, 
and  optimal  between  days  2  and  3.  The  sensitivity  of  the  examination  varies  between 

60  to  100%  depending  on  authors.  There  is  only  75%  specificity  since  there  are  many  false 
positives  (cardiomyopathy,  valvular  calcif icat ion  and  calcif icat ion  of  the  chondro-costal 
cartillage,  cardiac  contusion,  aneurism,  electric  shock,  rib  fracture  during  cardiac 
massage ) . 

The  examination  is  of  both  diagnostic  and  prognostic  value,  HOLMAN  et  al.  (1978). 

There  is  good  correlation  between  the  size  and  the  extent  of  binding.  The  mass 
of  infarcted  myocardium  must  exceed  three  grams  to  be  visible.  Following  infarction: 

-  only  5%  of  patients  with  a  normal  scintillation  scan  will  present  complications, 

-  35%  of  patients  with  moderate  localised  binding  will  present  complications, 

-  this  percentage  rises  to  88%  of  patients  with  considerable  diffuse  binding. 

-  Value:  the  diagnostic  role  is  limited  to  clinical  conditions  with  some  element 
of  doubt:  infarction  of  the  right  ventricle,  per i -operat lonal  infarction  for  RIGHETTI  ct 
al.  v  1^)77),  non-specific  ECG,  contusion,  penetrating  injury,  ...  The  prognostic  importance 
should  not  be  overlooked  and  just  as  the  extent  of  binding  is  a  negative  factor,  so  too  is 
the  pcrsistance  of  this  binding  3  to  6  months  after  the  acute  incident. 

1.2  Static  Thallium  scintillation  scanning 

-  Protocol  :  the  fasting  subject  is  in  the  upright  position  so  as  to  reduce  the 

splanchnic  flow  and  consequently  uptake  by  the  viscera.  An  injection  of  2  millicuries  of 
Thallium  201  is  administered  and  ten  minutes  later  at  least  three  incidences  are  recorded 
(anterior,  left  anterior  oblique,  left  lateral )  of  500, 00G  impulses  each. 

In  order  to  facilitate  interpretation,  analogic  images,  digitalist  images,  smooth 
images  with  either  systematic  (less  than  25%)  or  interpolat ive  subtraction  of  the  background 
noise  may  also  be  carried  out. 

-  Results:  In  the  normal  subject  the  myocardium  takes  the  form  of  a  horseshoe 
image  surrounding  the  cavity  and  opening  towards  the  mitral-aortic  region  and  in  the 
left  anterior  oblique  incidence  often  takes  the  form  of  a  doughnut  (figure  1). 
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Figure  1 

Myocardial  vesaularisation  territories  after  LENAERS  et  al . 
(1977)  and  RIGO  et  al.  (1979) 


As  can  be  seen  on  figure  1,  a  defect  can  be  related  to  a  specific  myocardial  territory. 
At  rest,  visualisat ion  of  the  right  ventricle  signifies  hypertrophy  of  the  ventricle 
STEVENS  et  al  ( 1975) . 
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A  localised  defective  image  may  take  the  following  forms: 

.  of  a  gap:  clear  amputation  (infarction  of  the  myocardium); 

.  reduced  binding  :  to  be  significant  this  should  be  reduced  to  less  than  80% 
of  the  maximal  activity  and  be  transmural.  This  pattern  is  found  in  tight 
stenoses  (chronic  coronary  failure),  in  rudimentary  infarctions  which  are 
nor.-t  ransmural  or  difficult  to  situate  (posterior)  and  particularly  in  the 
syndrome  of  threatened  myocardial  infarction. 

.  blotchiness  :  in  myocardiopathy  whether  primitive  or  not.  Obstructive 
myocard j opat hy  is  easy  to  recognise  from  the  small  size  of  the  cavity 
and  the  thickening  of  the  walls  but  it  is  very  difficult  to  determine 
the  ischaemic  or  non-ischaemic  nature  of  a  myocardiopathy  (defects  involving 
20  to  40%  of  the  left  ventricular  perimeter  would  suggest  an  ischaemic 
condit ion ) . 

According  to  WACKERS  (1976),  the  sensitivity  and  specificity  for  the  detection 
of  acute  infarct  ion  of  the  myocardium  is  88%  and  accuracy  61%. 

-  Value:  the  diagnosis  of  acute  myocardial  infarction  is  possible  when  the 
o] eet rocardiogram  and  case  history  are  not  decisive  (left  bundle  branch  block,  Wolff- 
Park inson-Whi te ,  pacemaker). 

The  detection  of  long  established  infarction  is  less  reliable.  One  of  the  limita¬ 
tions  of  thallium  scintigraphic  scanning  is  the  impossibility  of  distinguishing  between 
long-establ ished  infarction  and  recent  infarction.  About  50%  of  infarctions  result  in 
persistent  longterm  defects. 

In  fluctuating  angina,  scintigraphic  scans  carried  out  four  hours  after  the 
initial  examination  can  establish  a  differential  diagnosis  between  transient  ischaemia 
and  infarction  of  the  myocardium  by  elimination  of  the  defect.  The  initial  scintigraphic 
scan  should  be  carried  out  6  to  10  hours  following  the  acute  clinical  crisis. 

Identification  of  high  risk  patients  by  anatomical  localisation  and  estimation 
of  the  size  of  the  infarction. 

Although  localisation  is  satisfactory,  the  estimation  of  the  size  leaves  much  to 
be  desired  and  great  hopes  are  entertained  for  emission  tomography  which  could  also 
identify  non-transmural  infarctions. 

The  differential  diagnosis  between  primitive  and  ischaemic  cardiomyopathy  is 
more  difficult.  MORAND  et  al  (1980)  have  established  the  factors  suggesting  primitive 
cardiomyopathies : 

-  an  enlarged  right  ventricle 

-  diffuse  reduced  binding  not  corresponding  to  a  given  vascular  territory 

-  contrast  between  limited  reduced  binding  and  considerable  ventricular 
di latat ion 

-  improved  binding  during  medical  treatment  for  cardiac  failure. 

1.3  Thai 1 ium_scint i llat ion_scan_f ol lowing^the  exercise  test _ 

Protocol  :  an  exercise  electrocardiogram  is  carried  out  and  2  millicuries  of 
T 1  201  injected  at  peak  exertion,  exercise  being  continued  for  another  2  minutes. 

Imaging  is  carried  out  as  quickly  as  possible,  ideally  within  5  minutes  of  the  end  of  the 
exercise  (See  figure  2).  Four  hours  after  the  exercise  test,  scintillation  scans  are 
carried  out  using  the  same  incidences  in  order  to  obtain  differential  diagnosis  between 
ischaemia  and  myocardial  infarction  by  investigation  of  the  redistribution  pattern. 

Results  -  exertion  increases  the  contrast  by  reduction  of  the  background 
noise  (due  to  increased  absorption  by  the  skeletal  muscles)  and  by  increased  binding  by 
the  healthy  myocardium. 

The  most  important  data  provided  is  the  demonstration  of  a  transient  ischaemia 
developped  during  exercise  and  its  local isat ion . 

In  coronary  artery  disease,  the  overall  sensitivity  is  between  80  and  92%  and 
the  specificity  about  90%. 

Success  varies  depending  on  the  artery  involved.  The  method  is  very  satisfactory 
for  the  anterior  interventricular,  fair  for  the  right  coronary  and  poor  for  the  circumflex 
(sensitivity  50%).  If  all  three  arterial  trunks  are  affected  the  results  are  poor  and 
the  study  is  purely  relative. 

The  sensitivity  and  specificity  are  better  than  those  of  the  exercise  electro 
cardiogram  except  in  the  case  of  damage  to  the  circumflex,  and  the  exercise  ECG  and 
exercise  thallium  scint lgraphic  scan  are  complementary  tests. 

Value:  The  exercise  scintigraphic  scan  is  useful  in: 

.  demonstrating  exercise  ischaemia  when  the  ECG  is  not  decisive 

.  localising  the  effort  ischaemia  and  so  providing  an  indication  for  coronary 
artery  angiography  with  a  view  to  surgery  depending  on  the  mono  or  tn- 
truncular  nature  of  the  condition 

.  determining  whether  any  new  territory  is  involved  in  the  case  of  recurring 
clinical  signs  from  a  previous  infarction. 

.  monitoring  following  installation  of  a  shunt. 
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Figure  2:  Reduced  antero-septal  binding  in  45  LAO,  showing 
exercise  ischaemia 


1  .4 

The  isoprenal.  in  (Isuprel)  test  is  similar  to  the  exercise  test  and  is  indicated 
for  t.he  investigation  of  transient  ischaemia  in  patients  incapable  of  carrying  out 
the  usual  exercise  test. 

The  dipyradamole  (Persantine)  test  is  also  useful  for  the  detection  of  ischaemia, 
ALBRO  and  GOULD  (1978)  .  This  vasodilator  increases  the  coronary  flow  in  a  healthy 
territory  by  400%  and  reduces  it  in  territories  affected  by  stenosis  by  a  phenomenon 
similar  to  "theft". 

We  will  merely  mention  the  methylergomet r ine  ( Methergin )  spasm  provocation  test. 

1  .  5  Sc  ±Qt  igraph  ic_scan_us  ing__  iodine 123__-__labelled_fatty_acids_i 

This  method  has  yet  to  be  evaluated  but  it  is  promising  despite  the  liberation 
of  iodine  123  (following  metabolism  of  heptodecanoic  and  hexadecanoic  acids)  resulting 
in  considerable  background  noise. 

It  would  seem  that  coronary  artery  stenosis  results  in  a  permanent  area  of  reduced 
binding  at.  rest  with  no  accompanying  redistribution  as  with  thallium. 

2 .  Isotopic  ventriculography 

2.1  St udy _at  egu l 1 ibr iumr _at ^rest 

-  Protocol  :  after  labelling  of  the  vascular  compartment,  the  dynamic  images, 
the  acquired  cardiac  cavities,  300  to  500  heart  cycles  are  synchronised  with  the 
electro-cardiogram  and  added  to  produce  a  synthetic  cyle  of  about  20  pictures.  It  is 
difficult  to  eliminate  the  super imposi t ion  of  the  cardiac  cavities  and  the  background 
noise  resulting  in  parasitism.  The  optimal  incidence  is  the  left  anterior  oblique  (about 
40  degrees)  relative  to  the  axis  of  the  heart)  which  provides  clear  septal  separation 

and  acceptable  separation  of  the  mitro-aortic  plane  if  there  is  no  left  atrial  hypertrophy. 

-  Results:  before  establishing  the  equilibrium,  the  first  pass  studied 
determines  the  ejection  fraction  of  the  right  ventricle,  determines  its  Kinetic  features 
and  calculates  the  parameters  of  overall  cardiac  function  (heart  output,  circulatory 

per lods )  . 

During  the  study  at  equilibrium,  parameters  of  left  ventricular  function  can 
be  determined  (ejection  fraction,  ventricular  volume,  mean  and  maximal  contraction  rate). 

The  point  by  point  investigation  of  these  parameters  provides  functional  images 
(  amplitude,  phase,  regional  ejection  volumes,  regional  ejection  fractions)  of  the 
left  ventricle. 

Regional  kinetic  analysis  is  good  in  LAO  for  septal,  inferior  or  apical  and 
post ero- 1 atera 1  territories.  Comparison  with  cardiac  catheterisation  in  RAO  30  reveals 
less  successful  investigation  of  the  posterior  territory  and  a  better  assessment  of 
septal  kinetics  by  LAO  isotopic  vent r iculography . 

The  overall  ejection  fractions  are  well  correlated  with  catheterisation 
<R  -  0.90:  83  subjects  in  the  study  by  ETHEVENOT  et.  al  -1981)  and  their  determination 
is  repeatable. 
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The  determination  of  the  diastolic  and  systolic  lef t ,vcnt r icu 1  at  volumes  is 
sat  isfacrory,  GLASS  et  al  (1978). 

This  technique  can  be  carried  out  only  in  good  conditions,  l.c.  in  the  absence 
of  any  disturbance  of  rhythm  (numerous  extrasystoles,  atrial  fibrillation'  which  hinder 
the  establishment  of  equilibrium. 

-  Value  :  r ho  non-invasive  and  reliable  nature  of  this  method  have  led  to  its 
development . 

.Its  main  contribution  is  the  assessment  of  patients  affected  by  recent  nyoeaidia 
infarction  when  it  provides  prognostic  data  in  cases  where  contrast  angiographic 
investigation  is  not  possible. 

.The  early  detection  of  aneurisms  and  the  possibility  of  repeated  invest  i gat  ions 
make  it  possible  to  control  the  development  of  infractions. 

.Assessment  of  the  deterioration  of  ventricular  function  makes  it  possible  *  ■ 
adjust  certain  cardiomyot.oxic  chemotherapies  (e.g.  adriamycin)  by  monitoring  of  ;  e  ienfs 

.Determination  of  the  left  ventricular  ejection  fraction  and  regurgitat  :• 
fraction  confirms  diagnosis  and  the  possibility  of  surgery  in  mitro-aorr  ic  va\'  .. 

2.2  Eyuilibrium_yentriculography 

2.2.1.  Exercise  test 

-  Protocol  :  the  same  protocol  as  for  the  exercise  ECG  using  the  e:  5  :  : 

bicycle  is  used  with  the  patient  in  the  dorsal  decubitus  position.  one  Jot  <«  rm : na*  :  t. 
is  carried  out  at  rest  and  the  other  at  peak  exertion. 

-  Results:  in  the  normal  subject,  the  t  e  led  l  asto  1  i  c  volume  increases  si: 
or  remains  unchanged  whereas  the  telesystolic  volume  falls,  resulting  in  i  :v  • :  -  ■  i.r  i 
ejection  fraction. 

In  the  coronary  patient,  the  increase  in  the  telesystolic  volume  is  *.  ev  ;v  i  .  •• 

for  the  fall  or  lack  of  change  in  the  ejection  fraction. 

Furthermore,  the  dyskinesia  induced  or  aggravated  by  oxetcise  in  '  c  m 
patient  serves  to  localise  the  condition  and  is  particularly  sensitive  and  sj.e.-itic  :  r 
the  anterior  interventricular  territory. 

-  Value:  Selection  of  chronic  coronary  patients  requiring  coronary  ut'.’ty 
angiography  with  a  view  to  aorto-coronar y  shunt .  Medium  and  long  torn  follow  up  r 
of  medical  treatment,  rehabilitation  and  surgery. 

2.2.2.  The  cold  water  test  and  right  atrial  stimulation 

These  tests  do  not  provide  a  very  physiologi cal  approach  and  arc  used  only  in 
cases  where  the  exercise  test  is  not  possible. 

Right  atrial  stimulation  is  particularly  useful  in  determining  the  optimal 
frequency  when  tracing  a  pre-set  pacemaker. 

2.2.3.  Pharmacological  tests 

Nitroglycerin  :  this  test  assesses  the  efficacity  of  the  nitrite  drugs  which 

varies  from  case  to  case  and  can  be  used  to  select  patients  with  post - i nfarct ion  aneurism 
prior  to  surgery  by  determining  the  extent  of  functional  myocardium. 

Beta-blockers:  ventriculography  is  carried  out  before  and  after  beginning  this 

treatment  and  monitors  any  deterioration  of  left  ventricle  performance. 


1 .  Isotopic  angiography 

-  Protocol  :  the  intravenous  injection  of  a  radioactive  bolus  which  is  followed 

by  computerised  recording  and  0.5  to  1  second  images  which  visualise  the  main  venous  and 
arterial  vessels. 

-  Results:  stenoses  of  the  carotids  and  sy] vians  and  diagnosis  of  aortic  or  ill 
aneurisms  is  possible.  Isotopic  phlebography  is  useful  in  the  investigation  of  the 
permeability  of  the  inferior  vena  cava,  and  of  the  iliac  femoral  and  internal  saphenous 
veins. 


-  Value:  a  non-invasive  approach  to  the  diagnosis  of  aneurisms.  In  the  fare  of 
clinical  evidence  of  phlebitis  and  particularly  in  cases  of  chronic  thromboses, 
isotopic  phlebography  can  be  used  to  confirm  the  permeability  of  the  deep  circulation 
prior  to  operating  for  varicose  veins. 
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III  -  SPECIFIC  RADIOISOTOPIC  EXAMINATIONS 

1 .  Myocardial  tomoscint i 1 lat ion  scan 


This  method  is  able  to  determine  the  intra-mural  site  o^ischaemia  or  ijigcrosis 
and  provides  a  quantitative  approach  to  myocardial  metabolism  (C  palmitato,  F 1  fluoro- 
dcoxy  glucose)* 

2 .  Cardio-pulmonary  shunts 

2.1.  Left -right ^shunt  _heart_disease 


A 

quality  of 
the  right 


dynamic  study  is  carried  out  of  a 
the  bolus  is  vital  and  to  improve 
external  jugular  vein  rather  than 


Tc  m  pertechnate  radioactive  bolus.  The 
it  a  s::  ;  1  1  volume  is  used  and  injected  into 
into  an  antecubital  vein. 


Analysis  of  graphs  of  pulmonary  transit  provides  a  determination  of  semi- 
ouantitative  indices  (ratio  of  ompl ; tudes  and  areas)  or  by  means  of  extrapolation  using 
a  gamma  function  suggested  by  MALT 2  and  TREVE  (1973),  to  obtain  the  ratio  of  pulmonary  and 
systemic  flows  wel 1 -correlated  with  oxygen  determination.  Within  *  he  scope  of  this 
article  the  main  indications  are  as  an  aid  in  diagnosis  of  the  origin  of  a  murmur  and  the 
post  operative  follow-up  of  patients  to  check  for  any  residual  shunt. 


2.2.  ?A3ht  .shunt t  _di  sease 


Here  quant  if ication  of  the  shunt  is  of  less  importance  since  biological 
criteria  are  available  to  determine  the  cyanosis  of  these  conditions. 

Two  protocol  may  be  adopted: 

-  either  the  intravenous  injection  of  a  solution  of  radioactive  gas  (xenon  133  or 
127)  .  These  elements  are  cleared  by  the  lungs  and  a  right-left,  shunt  is  detected  from 
the  appearance  of  radioactivity  in  the  left  cardiac  cavities  of  the  aorta. 

-  or  by  the  injection  of  Tc  95fT1  microspheres  (less  than  50,000)  some  of  which 
remain  in  the  brain  and  the  k . dney  if  there  is  a  right-left  shunt. 


3 .  Radioisotopic  investigation  of  coronary  artery  per  fusion 


3.1.  Total _coronary_f low 


This  determination  is  carried  out.  using  the  radiocardiographic  method  of  DE 
VERNEJOUL  and  KELLhkdHOKN  and  involves  radio-elements  of  different  energy  levels,  one 
undergoing  passive  int ramyocardial  diffusion  (K  42)  and  the  other  intraventricular 
diffusion  (Ini  s ideroph i 1  in ) . 

Since  the  percentage  of  diffusible  tracer  immediately  taken  up  by  the  myocardium 
corresponds  to  the  cardiac  flow  perfusing  the  heart,  the  difference  between  the  areas 
under  the  loft  peaks  of  the  two  dilution  curves  indicates  the  coronary  artery  fraction  of 
the  cardiac  flow  and  the  total  coronary  flow. 


3.2 


ill  L scanning 


This  is  carried  out  by  a  selective  intra-coronary  artery  injection  of  labelled 
microspheres  (10  to  20  microns)  and  exteriorises  a  replacement  circulation  downst ream 
from  a  cotonary  artery  stenosis. 

This  is  of  particular  interest  prior  to  installing  the  shunt  during  catheterisation 
during  the  investigation  of  the  post -st enot ic  downstream  network  and  after  installing  the 
shunt  to  study  revascularisation. 


For  GAMBINI  (1975)  this  is  a  valuable  method  in  the  nrscssment  of  angina  with 
healthy  coronary  vessels  and  coronary  artery  fistulas. 

4 .  Study  of  the  development  of  thromboses 

The  KAKKAR  test  using  iodine  125  or  131  labelled  fibrinogen  and  involving  serial 
counts  of  the  legs  repeated  at  intervals  is  able  to  detect  t;,e  formation  of  a  clot  and  * c 
diagnose  the  development  of  phlebitis. 

99m 

Kinetic  study  of  Tc  labelled  heparin  shows  t  learanco  curve  with  two 
exponential  components,  one  is  very  rapid,  the  other  slov.  The  increased  slope  of  the 

slow  component  is  an  index  of  the  thrombotic  development,  ESQUERRE  et  al  (1979). 


The  invest igat ion  of  the  binding  of  labelled  platelets  (In 
assessment . 


1 1 . 


)  is  under 
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IV  -  THE  FUTURE 

Positron  emission  tomography  should  provide  an  accurate  and  quantitative  physio- 
pathological  investigation  of  blood  flow  and  metabolism  by  means  of  simultaneous 
determination  of  mechanical  parameters.  In  the  opinion  of  SCHELBERT  (1980),  it  may 
be  possible  to  make  progress  in  the  early  detection  of  reversible  disorders  during 
therapy . 


Nuclear  magnetic  resonance  is  able  to  assess  myocardial  ATP  metabolism  and 
provides  cross-section  images  with  good  resolution.  If  the  procedure  time  is  reduced 
this  method  will  provide  unrivalled  kinetic  metabolic  and  morphological  studies. 
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CHAPTER  10 

HALLISTOCARDIOGRAPHY  :  A  NON- INVASIVE  METHOD  ADVANCING  TOWARDS 
CLINICAL  APPLICATIONS 


Aristide  SCANO,  Deputy  Director,  Postgraduate  School  of  Aerospace  Medicine,  Rome  University. 

1 .  INTRODUCTION  AND  DEFINITION 

The  ballistocardiographic  (BCG)  method  is  a  very  old  one  and  in  about  a  century  of  hard  and 
contested  life  it.  has  had  a  considerable  technical  and  conceptual  development,  which  has  led  from  the 
first  beds,  suspended  by  means  of  long  ropes,  with  a  mechanical  recording  to  the  present  air  bearing 
beds  with  very  sensitive  acceleration  transducers  and  harmonic  analysis  of.  the  oscillations  recorded. In¬ 
tended  originally  to  supply  non-invasive  measurements,  easily  repeatable,  of  cardiac  output,  it  turned 
out  to  be  unsuitable  for  this  purpose  owing  to  the  fact  that  the  displacement  BCG  (as  recorded  with  the 
early  techniques)  is  sensitive  mainly  to  the  properties  of  the  arteries.  It  was  seen  later  (Starr  and 
Noordergraaf ,  1967)  that  the  acceleration  BCG  is  more  sensitive  to  the  way  in  which  the  ventricles,  in 
particular  the  left  one,  eject  blood  at  every  beat.  That  may  signify  a  very  important  fact,  that  this 
method  is  really  a  reliable  indication  of  the  contractile  properties  of  the  myocardium,  thus  represen¬ 
ting  one  of  the  most  integrative  and  general  techniques  of  exploration  of  cardiovascular  dynamics. 

At  present  BCG  can  be  defined  as  a  non-invasive  experimental  method  of  recording  and  studying 
periodic  accelerat ions  of  the  body  mass  due  to  the  inertia  reaction  it  presents  at  every  ventricular 
systole.  The  typical  sequence  of  waves  which  constitutes  the  BCG  tracing  differs  quantitatively  according 
to  the  bodily  axis  (the  ones  recorded  along  the  longitudinal  axis  are  generally  more  ample) ,  according 
to  the  state  of  rest  or  physical  exercise,  the  age  and  pathological  conditions  of  the  heart  and/or  the 
large  arterial  vessels.  We  will  come  back  further  on  to  the  meaning  of  the  various  BCG  waves. 

2.  NOTES  OF  THE  EVOLUTION  OF  THE  METHOD 

In  1877,  J.W.  Gordon  recorded  longitudinal  bodily  oscillations  synchronous  with  the  heart 
beat  of  a  subject  lying  on  a  light  bed  suspended  to  the  ceiling  by  means  of  long  ropes.  Since  the  funda¬ 
mental  frequency  of  the  phenomenon  is  that  of  the  cardiac  rhythm  and  the  predominant  frequency  of  the 
oscillations  is  about  6  Hz,  researchers’  efforts  were  directed  to  design  systems  of  suspending  the  bed 
on  which  the  subject's  body  rests  with  natural  frequencies  less  than  0.3  or  more  than  20  Hz.  In  this  way 
they  passed  from  suspension  with  ropes  over  5  m  long  (frequency  of  pendular  oscillation  less  than 
0.2  Hz)  to  Starr  and  Rawson 1 s  ballistic  table  (1939),  supported  by  steel  springs,  with  a  high  natural 
frequency  (but  with  resonance  at  about  5  Hz),  to  Nickerson  and  Curtis's  one  (1944)  with  an  u)tralow  fre¬ 
quency,  that  is,  about  0.2  Hz,  to  the  various  device  of  direct  recording  (Dock  and  Taubman,  1949,  modi¬ 
fied  by  Arbeit  and  Lindner,  1959  ;  Puddu,  1951  ;  Ozaki,  1965),  whichgive  recordings  altered  to  a  certain 
extent  by  parasitic  waves  and  other  artifacts,  in  particular  by  the  so-called  "dorsal  spring"  effect, 
due  to  the  elast.city  of  the  solft  superficial  tissues  of  the  dorsal  areas  of  the  bodywhich  rest  on  th“ 
ballistic  table. 

The  beds  that  meet  the  purpose  best  are  air  bearing  ones  (Cunningham  and  Smiley,  1961),  very 
light  and  with  natural  frequencies  around  0.2  Hz,  one  type  of  which  is  due  to  Calderale  and  Francavilla 
(1973)  of  Turin  Polytechnic.  Talbot  (1958)  and  other  scientists  also  recorded  body  movements  in  the  three 
axes  of  space,  with  very  complex  apparatus. 

In  order  to  simplify  the  technique  and  owing  to  the  fact  that  there  are  now  available  very 
small  and  sensitive  accelerometr  ic  sensors  and  concave-convex  beds  (Calderale.  Gola  and  Gug  1 1  <  •>»■  :.a ,  1977i 
whirhimprove  the  fitting  of  the  subject's  body,  there  is  a  tendency  to  return  to  the  use  of  suspended 
beds  with  sufficiently  long  ropes.  With  these  devices  4  degrees  of  freedom  are  obtained  and  since  the 
useful  spectrum  of  the  BCG  does  not  generally  exceed  14  Hz,  a  cutoff  frequency  around  25  *  30  Hz  : s  re¬ 
commended  . 

I .  PHYSIOLOGICAL  FACTORS  WHICH  DETERMINE  THE  CHARACTERISTICS  OF  THE  TRACING 

The  apparent  simplicity  of  the  mechanical  phenomena  which  are  at  the  base  of  oscillations  of 
the  ba 1 1 i stocardiogram  has  often  led  to  oversimplified  deductions,  which  experiments  and  quantitative 
analysis  have  show  to  be  inaccurate.  Furthermore,  the  possibility  of  obtaining  recordings  of  this  pheno¬ 
menon  with  the  most  varied  techniques  and  apparatus  (whichgive  different  recordings  for  the  same  event 
and  can  introduce  artifacts  that  are  difficult  to  detect),  has  produced  a  number  of  contradictory  and 
unreliable  works.  Consequently,  the  significance  of  ballistocardiographic  waves  with  reference  to  the 
cardiac  cycle  and  the  blood  flow  and  the  weight  of  the  factors  which  contribute  to  their  formation  are 
still,  at  least  partly,  to  be  clarified  or  to  be  confirmed  with  certainty,  especially  through  *  he  simul¬ 
taneous  use  of  other  invasive  and  non-invasive  methods. 

Actually,  in  the  phenomenon  with  which  we  are  dealing,  multiple  factors  intervene,  which  are 
ften  mutually  dependent,  and  some  of  which  cannot  be  directly  appraised  or  measured  on  the  human  subject. 
The  main  -mes  are  the  following  : 

-  the  ejection  of  the  blood,  especially  from  the  left  ventricle  (mass  and  acceleration  of  the  volume  of 
liquid)  ; 

-  velocity  of  the  flow  in  the  aorta  and  main  arteries  ; 

-  size,  spatial  orientation  and  elasticity  of  the  main  vessels  ; 

-  movements  of  the  cardiac  mass  because  of  ventricular  systole. 

The  first  factor  was  demonstrated  experimentally  or*  a  corpse  by  Starr,  who  established  that 
the  velocity  of  ejection  of  blood  from  the  left  ventricle  determines  the  aspect  of  the  set  of  BCG  acce¬ 
leration  waves  along  the  longitudinal  axis  of  the  body.  The  linear  relationship  between  the  two  variables, 
admitted  to  begin  with,  is  now  quest lonabl e,  especially  after  the  research  of  Goedhard  (1979),  who  obaer- 


v**d  it;  dogs  a  VciMi'i*  mr.  of  the  » rjnsff'i  function  between  the  blood  flow  rate  m  the  ascending  aorta  and 
the  height  of  the  systolic  waves  of  the  BCG  in  different  haemodynamic  conditions. 

By  international  convention,  BCG  waves  are  indicated  by  letters,  beginning  with  F  and  ending 

with  N . 


Fiq.  1.  Relationship  among  acceleration,  velocity  and  displacement  ballistocardiograms  to  acoustical,  elec¬ 
trical  and  mechanical  events  in  the  cardiac  cycle  (from  W.R.  Scarborough  :  Comments  on  progress 
m  ball istocardiographic  research  and  the  current  state  of  the  art,  F.A.A.  Office  of  Aviation  Me¬ 
dicine,  Rep.  AM  64-12,  1964). 

The  atrial  systole  causes  small  and  variable  oscillations,  such  as  G,  which  precede  the  first 

positive  H  wave  ;  the  latter  and  waves  I,  J,  K  (L  for  some  authors)  up  to  the  tip  of  L  are  related  to  the 

systole  (isometric  contraction,  initial  aortic  valve  opening,  full  ventricular  ejection)  ,-  the  downward 
part  "f  t he  L  wave  and  waves  M  and  N  correspond  to  the  beginning  of  the  diastole  and  to  rapid  ventricular 
filling.  Interval  H  -  K  has  a  duration  practically  equal  to  that  of  the  ventricular  systole. 

Winer  (1979)  carried  out  a  careful  comparative  study  of  time  relat lonsh ips  between  direct  body, 
ULF  BCG,  carotid  pulse,  phonocardiogram,  apexcardiogram,  echocardiogram  (non-i nvasive) ,  aortic  pulse  pres¬ 
sure  and  left  ventricular  pressure  (invasive).  Referring  to  fig . ,  taken  from  the  above-ment lonned 

work,  the  pre-eject ive  notch  of  the  first  derivative  of  carotid  pulse  corresponds  with  the  middle  of  a- 
pexcardiogram  ascending  limb  and  with  the  H  rise.  Therefore  the  H  wave  would  really  represent  ventricular 
ejection,  which  seems  to  be  proved  also  by  the  length  of  the  interval  between  wave  Q  of  ECG  and  H  of  BCG, 

which  is  160  msec  in  the  direct  body  BCG  (but  in  ULF  BCG  wave  H  seems  outside  the  eject ive  phase) .  Set 

of  the  phonocardiogram  corresponds  to  wave  K  and  follows  immediately  the  closing  of  the  aortic  valves. 
According  to  Goedhard  the  beginning  of  the  ejection  falls  between  H  and  I,  but  it  must  be  remembered 
that  the  ULF  tracing  anticipates  the  direct  body  BCG  by  about  0.04  sec. 
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Fig.  2.  Left  :  Crossing  the  right  and  left  arm  leads  to  DB  transforms  an^approximate  mirror  reflection 
of  HI  to  comparable  configuration.  Note  the  increased  amplitude  of  J  suggesting  the  ef¬ 
fects  of  body  resonance. 

Right  :  The  three  phases  of  initial  HI  ejection  are  clearly  delineated  in  both  DB  and  Ulf  in  a 
young  hypotensive  female.  Note  that  J  configuration  remains  unaltered  (from  Winer,  see 
ref.  19) . 

Most  authors  do  not  give  much  importance  to  the  diastolic  waves  {descending  limb  of  L,  waves 
M  and  N)  because  they  are  considerably  influenced  by  body  resonance  phenomena. 

The  above-mentioned  oscillations  are  found  in  all  acceleration  recordings  in  young  and  heal¬ 
thy  subjects  (of  lesser  amplitude  in  female  subjects)  :  the  movement  of  blood  in  the  aorta  has  certainly 
a  part  in  their  genesis  (at  least  from  I  to  K)  as  was  proved  by  Brown  et  al .  (1949)  and  by  Masim  (1952) 
in  subjects  with  isthmic  coarctation  of  the  aorta  and  by  Honig  and  Tenney  (1956)  with  the  ligature  of 
this  vessel  in  dogs  :  in  the  first  case,  the  surgical  operation  normalizes  the  recording.  Other  facts 
that  have  been  proved  are  the  increase,  even  a  considerable  one,  in  the  amplitude  of  systolic  waves  as 
the  result  of  physical  exercise  and  of  rise  in  body  temperature,  and  the  lesser  influence  of  the  right 
components  as  compared  with  the  left  side  of  the  heart.  There  is  not  complete  agreement,  however,  on  the 
waves  influenced  by  exercise  (though  most  researchers  indicate  J  and  K)  and  on  the  relations  among  rate 
of  work,  variations  of  the  stroke  volume  and  magnitude  of  changes  in  the  waves  themselves.  The  various 
attempts  made  to  calculate  the  volume  of  systolic  ejection  from  the  height  and/or  area  of  some  waves, 
usually  I  and  J,  are  well-know  as  well  as  the  criticisms  made  of  the  most  widespread  formulae  such  as 
that  of  Nickerson  et  al.  (1947),  Tanner  (1949)  and  Starr  (1950)  :  in  fact,  the  oscillations  of  the  tra¬ 
cing  represent  the  integration,  instant  by  instant,  of  the  vectors  of  the  little  forces  connected  with 
atrial  and  ventricular  contraction  with  the  more  important  vectors  of  the  acceleration  of  the  blood  mass 
ejected  from  the  ventricles  and  flowing  in  large  non-parallel  vessels,  of  varying  length  and  elasticity. 
Furthermore,  if  it  is  desired  to  calculate  the  work  of  the  heart,  the  static  component,  which  is  certain¬ 
ly  the  major  one  at  rest,  is  lacking.  These  conditions,  clearly  limitative  for  anyone  trying  to  obtain 
from  the  ballistocardiogram  alone  the  stroke  volume  and  the  elasticity  f  the  main  arteries,  can  become 
advantageous  on  turning  to  measurement  of  the  whole  of  the  haemodynamic  forces  which  act  during  the  ex¬ 
pulsive  phase  of  ventricular  systole.  As  early  as  1953  Masim  and  Rossi  proposed  for  this  purpose  the 
quantitative  measurement  of  the  velocity  of  body  movement.  The  product  of  this  value  by  the  body  weight 
gives  the  quantity  of  motion  imparted  to  the  body  (average  4.3  ±  1.4  kg/m/sec),  which  seems  a  good  indi¬ 
cation  of  cardiac  force,  well  correlated  with  physical  exercise. 

4.  FIELDS  OF  APPLICATION  OF  BALLISTOCARDIOGRAPHY 

Some  uses  with  regard  to  heart  surgery  have  already  been  mentioned.  Let  us  add  that  this  method 
supplies  useful  information  on  the  pumping  capacity  of  the  heart  and  can  reveal  at  an  early  stage  la-'k 
of  ventricular  coordination  and  irregularity  in  contractions.  It  is.  therefore,  a  promising  technique  for 
a  quantitative  evaluation  of  the  heart's  functional  reserves  and  for  early  detection  of  coronary  heart 
disease  and/or  myocardial  infarction.  Obviously  it  must  be  considered  in  the  context  of  the  clinical  pic¬ 
ture  and  in  the  light  of  other  instrumental  investigations. 

5.  BALLISTOCARDIOGRAPHIC  RESEARCH  IN  MICROGRAVITY 

During  the  first  Spacelab  mission,  a  three-dimensional  BCG  experiment  will  be  carried  out 
{ IKS  028  :  P.I.  Prof.  A: ist ide  Scano,  Project  Manager  Eng.  Edoardo  Rispoli,  Rome  University),  which  we 
hope  will  contribute  to  solving  fundamental  problems  of  the  method  and,  consequently,  to  making  its  appli¬ 
cation  more  useful  and  reliable.  It  will  permit,  in  fact,  the  recording  of  the  accelerat ions  connected 
with  the  action  of  the  heart  in  the  three  directions  of  space  at  rest  and  after  various  physical  exercises 
and  without  any  bed  or  support  since  the  subject  is  freely  levitating  in  the  cabin.  This  is  a  unique  and 
ideal  condition,  which  can  be  obtained  only  in  a  laboratory  orbiting  in  space.  Other  interesting  results 
will  be  derived  from  comparison  of  the  tracings  obtained  on  the  same  subjects  on  the  ground  before  and 
afte:  flight  and  several  times  during  flight  itself.  That  will  also  make  it  possible  to  know  if  -<nd  what 
changes  in  BCG  take  place  as  a  re. .ait  of  prolonged  weightlessness  and  of  the  return  to  normal  gravity. 
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CHAPTER  11 


USE  OF  CHANGES  IN  ELECTRICAL  IMPEDANCE  IN  CARDIOLOGY 
by  J.  Colin* 


1  -  INTRODUCTION 

The  investigation  of  variations  of  electrical  impedance  is  of  particular 
value  amongst  the  non-*invasive  methods  used  in  physiological  and  clinical  study  of 
heart  function  because  of  the  absence  of  risk,  ease  of  the  procedure  and  the  possibility 
of  repeating  determinations  or  carrying  out  continuous  determinations  over  long  periods. 

The  bases  of  the  method  of  determining  electrical  impedance  of  a  body  segment 
were  laid  some  time  ago,  particularly  by  ATZLER  (1),  BARNETT  (3),  HORTON  (18)  and 
NYBOER  (28).  More  recently,  GOUGEROT  AND  MONZEIN  (14)  have  carried  out  a  very  thorough 
experimental  and  theoretical  clinical  study. 

2  -  PRINCIPLE  OF  THE  METHOD 

The  method  used  for  the  investigation  of  segmental  or  whole  body  changes  in 
electrical  impedance  is  based  on  Ohm's  law.  According  to  this  law,  the  potential 
difference  V  determined  at  the  ends  of  an  electrical  conductor  of  resistance  R,  to  a 
direct  current  I,  is  given  by  the  following  equation:  V  =  R.I  If  I  is  constant,  then 
changes  in  R  can  be  followed  by  determination  of  V. 

In  a  body  segment,  these  phenomena  are  more  complex  than  in  a  uniform 
electrical  conductor.  When  an  electrical  current  is  passed  through  this  segment  by  means 
of  surface  electrodes,  which  are  known  as  injection  electrodes,  lines  of  current  are  set 
up  .  These  lines  extend  from  one  injection  electrode  to  the  other,  but  their  pathway 
is  complex  since  it  depends  on  the  conducting  elements  making  up  the  body  tissues. 

If  two  other  electrodes,  known  as  detector  electrodes,  are  placed  between 
these  injection  electrodes,  it  is  possible  to  measure  the  potential  difference  between 
the  two  equipotent lal  surfaces  of  these  electrodes.  These  equipotent ial  surfaces  are 
perpendicular  to  the  lines  of  current  and  they  too  have  a  complex  form. 

If  the  injected  current  is  kept  constant,  any  change  in  the  resistance  of  the 
conducting  elements  between  the  equipotent ial  surfaces  is  accompanied  by  a  change  in  the 
potential  difference  recorded.  Such  changes  of  resistance  may  be  due  to  several  causes: 

-  changed  blood  or  organic  liquid  content  in  the  body  section; 

-  changed  shape  or  position  of  any  organs  between  the  equipotent la  1  surfaces; 

-  changed  level  of  air  which  may  be  contained  in  the  segment. 

The  following  features  may  be  observed:  slow  changes  in  resistance  due  to 
changes  of  volume  of  the  venous  and  extra-cellular  sectors,  rapid  changes  due  to  pulsation 
of  the  arteries  and  capillaries,  or  of  the  heart  cycle,  or  changes  synchronised  with  the 
breathing  due  to  changes  in  the  volume  of  air  contained  in  the  lungs. 

The  tissues  of  the  body,  and  especially  cutaneous  tissues,  are  not  pure 
resistances  but  impedances.  This  is  why  it  is  necessary  to  use  an  alternating  injection 
current  with  a  frequency  such  that  the  de-phasing  due  to  the  capacity  of  the  tissues 
is  kept  as  low  as  possible. 

By  using  a  constant  infection  current  with  a  correct  frequency,  recording  of 
the  changes  in  potential  difference  between  the  detector  electrodes  provides  an  indirect 
recording  of  the  changes  in  volume  of  the  conducting  elements  of  the  body  placed  between 
these  electrodes.  This  explains  the  name  of  electrical  impedance  plethysmography  often 
given  to  th.s  method.  Depending  on  the  siting  of  the  electrodes  on  the  body  it  is  possible 
to  study  the  following  features: 

-  pulmonary  ventilation:  electrical  impedance  pneumography 

-  the  volume  of  extracellular  or  intracellular  fluids  or  the  total 

water  within  the  body  :  total  electrical  impedance 

-  cerebral  circulation:  cerebral  electrical  impedance  plethysmography 

-  circulation  within  the  limbs  :  peripheral  electrical  impedance 
plethysmography 

-  the  presence  and  amount  of  thoracic  fluid:  thoracic  plet hysmography 
used  to  detect  haemorrhage  or  pleural  effusion  for  example 

-  heart  function:  thoracic,  aortic  or  cardiac  plot hysmography . 

However,  in  all  these  cases,  it  is  important  to  remember  that  all  the  organs  lying 
between  the  equipotent ial  surfaces  tested  contribute  to  any  changes  in  impedance  detected. 

In  other  words,  the  determination  of  changes  of  electrical  impedance  is  an  overall  method. 
However,  all  the  organs  situated  between  the  equ ipot ent ial  surfaces  do  not  have  the  same 
effect.  Those  crossed  by  the  shortest  lines  of  current  have  the  greatest  effect  for  a  given 
change  of  resistance.  Thus  it  is  possible  by  specific  arrangement  of  the  electrodes  to 
concentrate  on  the  effect  of  changes  in  volume  of  a  given  organ  but  it  is  not  possible  to 
avoid  some  effect  from  changes  in  volume  of  other  organs.  It  is  also  necessary  in  many  cases 
to  take  into  account  the  movement  of  the  organs  (which  move  from  one  line  of  current  to 
another)  and  to  a  lesser  extent  changes  in  shape.  For  all  these  reasons,  the  simple 

formulae  derived  from  Ohm's  law  for  the  calculation  of  a  change  in  volume  can  only  be  used 
with  prudence. 
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INSTRUMENTS 


Two  typos  of  instrument  are  used  to  record  changes  in  electrical  impedance: 
two-elect. rode  instruments  and  four-electrode  instruments. 

instruments 

rodes  are  used  both  to  inject  the  current  and  to  detect  potential  diff- 
main  drawback  of  this  type  of  instrument  is  its  greater  sensitivity  to 
aneous  impedance. 

Four-electrode  instruments 

These  are  more  numerous  and  they  measure  the  impedance  between  two  equ 1  pot ent 1  a  1  surfaces 
of  the  electric  field  set  up  by  the  applied  current.  This  current  is  usually  a  sinus- 
wave  current  with  a  frequency  of  between  100  and  150  KHz  and  of  low  intensity  of  the  order 
of  5mA.  The  current  is  an  imposed  current,  i.e.  with  constant  intensity  and  is  usually 
obtained  by  the  use  of  high  resistances  placed  in  series.  Changes  in  cutaneous  impedance 
then  become  negligible  as  compared  with  the  total  impedance  of  the  system  and  the  current 
can  be  considered  to  be  constant. 

Most  commercially  available  instruments  are  able  to  detect  and  record  the 
f ol 1 owi ng : 

-  the  baseline  impedance  ZQ  existing  between  the  two  equ lpot ent l al  surfaces 
through  the  recording  electrodes, 

-the  rapid  changes  of  impedance  ^Z  around  the  baseline  impedance 

-  the  first  derivative  of  dZ/dt  of  these  rapid  changes  in  impedance 

-  the  elect rocard logram  recorded  from  the  injection  electrodes. 

These  instruments  often  include  a  phonographic  recording  channel.  The  electrodes 
used  are  often  strip  electrodes  placed  around  a  limb  or  a  thorax.  More  rarely  snail 
electrodes  are  used  of  the  same  type  as  used  in  electrocardiography  or  elect roencephalography. 

4  -  THORACIC  PLETHYSMOGRAPHY 

This  method,  which  has  been  studied  particularly  by  KUBICEK  (22)  uses 
strip  electrodes  about  6  mm  wide  and  placed  around  the  neck,  thorax  and  abdomen. 

The  injection  electrodes  are  placed  in  a  distal  position  relative  to  the  detection 
elect  rodc?s .  The  upper  injection  electrode  is  placed  around  the  neck  at  least  3  cm 
above  the  upper  detecting  electrode  which  is  placed  around  the  base  of  the  neck. 

The  lower  detector  electrode  passes  around  the  lower  part  of  the  sternum,  about  10  cm 
above  the  lower  injection  electrode  which  is  placed  around  the  abdomen. 

This  electrode  set  up  is  used  for  the  determination  of  the  following: 

-  systolic  time  intervals 

-  cardiac  outpu’ 

-  thoracic  fluid. 


Two -e 1 ec  t rode 
The  same  elect 
orences.  The 
changes  in  cut 


4.1  Determination  of  systolic  time  intervals 


Since  the  A  Z  recording  is  sensitive  to  respiration,  a  recording  of  the  first 
derivative  of  the  changes  in  impedance  is  to  be  preferred.  The  dZ/dt  recording  has  some 
characteristic  points  (figure  1).: 

-  point  A  -  This  point  lies  between  the  end  of  the  electrocardiographic 
P  wave  and  the  beginning  of  the  QRS  complex  .  It  occurs  at  the  same 
time  as  the  fourth  heart  sound  where  this  can  be  detected. 

-  point  B  -  This  point  occurs  at  the  same  time  or  within  two  seconds 
following  the  maximal  deflexion  of  the  first  heart  sound. 

-  the  crossing  of  the  zero  line  by  dZ/dT  -  This  point  is  equivalent  to 
the  onset  of  left  ventricular  ejection 

-  point  X  -  This  point  coincides  with  the  aortic  component  of  the 
second  heart  sound  and  the  closing  of  the  aortic  semilunars. 

-  point  Y  -  This  point  occurs  at  the  same  time  as  the  pulmonary  component 
of  the  second  heart  sound 

-  point  Z  -  This  point  occurs  at  the  same  time  as  the  third  heart,  sound 
if  this  sound  can  be  recorded 

-  point  0  -  This  r>oint  corresponds  to  the  opening  of  the  mitral  valve  as 
detected  by  the  apex  cardiogram 


The  chronology  of  these  points  relative  to  the  phonocardiogram, elect rocardiogran 
and  apex  cardiogram  has  been  studied  by  LABABID  (23).  These  points  can  be  used  to 
determine  the  pre-ejection  period  Q  interval  -  cross  over  of  dZ/dt  and  the  zero  line:  PEP) 
and  the  left  ventricular  ejection  time  (the  time  between  the  dZ/dt  zero  line  cross  over 
and  point  X:  LVET). 

Point  X  is  unfortunately  often  missing  and  this  necessitates  simultaneous 
recording  of  the  phonocardiogram.  By  determining  the  time  between  the  passage  of  dZ/dt 
to  zero  andthe  first  high  frequency  vibration  of  the  second  heart  sound  the  LVET  can  be 
determined.  RASMUSSIN  et  al  (29)  found  excellent  correlation  in  the  dog  between  the 
LVET  determined  in  this  manner  and  that  obtained  from  the  aortic  pressure  recording  (r 
0.986).  HILL  and  MERRIFIELD  (17)  carrying  out  the  same  procedure  in  man  using  the 
phonocardiogram  and  comparing  the  results  with  those  obtained  from  the  carotid  pulse 
determination,  found  that  the  LVET  determined  from  the  plethysmograph  was  generally  0.88% 
shorter  and  showed  excellent  correlation  with  the  LVET  determined  from  the  carotid  pulse 
(r  =  0.95).  The  electrical  impedance  thoracic  plethysmograph  can  therefore  be  used  to 
determine  the  systolic  time  intervals  and  this  method  has  been  used  particularly  during 
physical  exercise  (GOLLAN  et  al  13.,  VAN  FRAECHEM  et  al  34). 


Figure 


Example  of  thoracic  electrical  impedance 
plethysmography.  Below,  the  change  in 
impedance,  above  the  derivation  of  the 

change  in  impedance  dZ/dt. 

The  various  points  shown  on  the  recording  are  as 
follows : 

A  corresponds  to  the  fourth  sound 
B  corresponds  to  the  first  sound 
X  corresponds  to  the  second  aortic  sound 
Y  corresponds  to  the  second  pulmonary  sound 
0  corresponds  to  the  mitral  opening 
Z  corresponds  to  the  third  sound 


4 . 2  Evaluation  of  the  cardiac  output 


During  heart  cycle,  the  speed  of  change  of  the  carotid  impedance  roaches  a 
maximum  value  (dZ/dt  max.)  during  ventricular  ejection.  A  formula  derived  from  Ohm's 
law  has  been  suggested  by  KUBICEK  (23)  in  order  to  evaluate  the  systolic  volume  SV: 

sv  =  )  •  (dz/dt  max  lvet 

where : 

L  is  the  distance  between  the  two  detector  electrodes, i n  cm 
Z  is  the  base  line  impedance  betv/een  the  two  detector  electrodes,  in  Ohms 
dZ/dt  max  is  the  maximum  value  of  dZ/dt  found  during  ventricular  ejection  in 
ohms  per  second 

LVET  is  the  left  ventricular  ejection  time,  in  seconds,  measured  as  described 
above 

P  is  the  resistivity  of  the  blood  at  the  frequency  used  by  the  instrument 
For  a  frequency  of  100  KH  ’  the  mean  value  of  /*  is  150  ohms/cm.  A  more  accurate 
value  can  be  calculated  from  the  haematocrit  (GEDDES  and  SADLER  -  12  ) 


The  cardiac  output  can  easily  be  obtained  by  multiplying  the  systolic  volume  by 
the  heart  rate. 

Comparison  of  the  systolic  volume  and  the  cardiac  output  obtained  in  this  way 
with  those  determined  by  traditional  methods  (the  Fick  method,  dye  dilution,  thermo¬ 
dilution,  radio* isotopes )  has  led  to  discordant  findings.  Some  authors  have  obtained 
satisfactory  correlation:  DENNISTON  et  al.  (10),  HILL  and  MERRI FI  ELD  (17),  NAGGAR  et  al 
(27),  RASMUSSEN  et  al  (29-30);  others  obtained  poor  correlation:  BOER  et  al  (5),  K INNEN 
(21),  KUBICEK  et  al  (22),  LABABIDI  et  al  (23),  SIEGEL  et  al  (  32  )  ,  SMITH  et  al  (33);  and 
others  again  very  poor  correlation:  BAKER  et  al  (2),  ENGHOFF  and  LOVHEIM  (11), 

HARLEY  and  GRENNF IELD  (15),  JUDY  et  al  (19),  KEIM  et  al  (20),  SECHER  et  al  (31).  From 
the  study  of  these  different  findings  it  is  however  possible  to  draw  some  general 
conclusions : 

-  The  method  is  suitable  for  use  only  in  patients  free  from  severe 
valve  disea*  or  in' racardiac  shunts 

-  The  method  gives  better  results  in  the  healtny  subject  but  the  scatter 
of  results  is  too  great  to  give  any  re’iable  absolute  value 

-  Most  authors  think  ‘hat  there  is  a  :  ^factory  correlation  between 

changes  in  volume  determined  by  thi^  method  and  by  reference  methods. 
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The  interest  of  the  method  lies  in  the  possibility  it  affords  of  following 
changes  in  systolic  volume,  systole  by  systole  and  the  fact  that  it  can  be  used 
continuously  and  during  physical  effort  (VANRAECHER  (34),  DENNISTON  et.  al  (10),  GOLLAN 
et  al.  (13))  during  a  change  in  position  ( BEVEGARD  et  al  (4),  HILL  et  al  (17),  SMITH 
et  al.  (33)  or  during  an  anaesthesia  (HILL  and  LOWE  (14),  McKENSIE  et  al.(25)  . 

4 . 3  Evaluation  of  myocardial  eont ract i 1 i ty 

The  ratio  PEP/LVET,  the  inverse  of  the  square  of  the  pre-ejection  period  (1/PEP^), 
the  HEATHER  index  (ratio  of  the  maximum  value  of  dZ/dt  to  the  interval  of  time  separating 
the  R-wave  from  the  dZ/dt  maximum)  are  indices  of  myocardial  cont ract i 1 i ty  which  can  be 
used  with  thoracic  p Lethysmography . 

5.  AORTIC  PLETHYSMOGRAPHY 

*>.1  Thoracic  electrodes 


In  order  to  maximise  effects  due  to  the  aorta  and  minimise  the  respiratory 
oscillations  of  the  impedance  variation  recording,  DEMANGE  et  al  (9)  have  suggested 
placing  the  detector  electrodes  on  the  anterior  surface  of  the  thorax,  opposite  the 
ascending  aorta,  about  3  cm  apart.  These  arc  10  cm  long  and  1  cm  wide  strip  electrodes. 
The  injection  electrodes  are  identical  in  form  and  one  is  placed  on  the  anterior  surface 
of  'he  nock  and  the  other  at  the  base  of  the  thorax.  The  recording  obtained  (2)  is 
not  a  pure  aortic  recording  but  a  composite  record  with  analogies  with  the  thoracic 
plot  hysmogram. 

5 .  2  Systolic  time  determinations 

The  "aortic"  plethysmogram  makes  it  possible  to  determine  the  pre-election 
period,  the  time  between  the  Q-wave  of  the  electrocardiogram  of  the  foot  of  the 
plethysmogram  and  the  left  ventricular  ejection  time,  the  time  separating  the  foot  of  the 
"aortic"  plethysmogram  notch. 

Comparison  of  the  results  obtained  by  this  method  with  those  obtained  from 
the  carotid  pulse  and  the  phonocardiogram  recorded  simultaneously  in  91  healthy  subjects, 
(COLIN  and  CARRE  (6),  (7)  gave  the  following  results: 

The  left  ventricular  ejection  time  obtained  by  plethysmography  { LVET  ) 
is  57  ms  longer  than  that  obtained  from  the  carotid  pulse  (LVET  )  and  is  wel?I<?t 

correlated  with  this:  carot . 

LVETcarot  119  +  °'47  LVETplct  where  r  =  °'75 

A  better  result  is  obtained  by  using  S-,  instead  of  the  plethysmogram  notch 
to  indicate  the  end  of  the  left  ventricular  ejection:  the  LVET  is  then  33  ms  shorter 

than  the  LV^Tcarot  anc*  the  correlation  is  improved: 


1AM  :  91  +  0.76  LVET  where  r  =  0.80 

c  at  ot  .  plet . 


Figure  2:  Example  of  "aortic"  electrical  impedance  p let hysmograph  carried  out  s i mu  1 1 anpous  1  y 
with  the  carotid  cardiogram,  the  electrocardiogram  and  the  phonocardiogram. 

Q  -  electrocardiographic  Q-;ave 

Sj-  first  high  frequency  component  of  the  first  heart  sound 
S 2 ~  first  high  frequency  component  of  the  second  heart  sound 

pc“  foot  of  the  carotid  cardiogram  (beginning  of  the  rapid  rise  in  the  recording) 
Ic“  catacrotic  notch  of  the  carotid  cardiogram 
P  «  I  ~  foot  and  notch  of  the  "aortic"  plet hysnogr am . 


J 


This  finding  shows  that  the  notch  on  the  plethysmograpbic  recording  corresponds 
to  the  closing  of  the  pulmonary  semilunars  and  that  the  so-called  aortic  record  is  in 
fact  composite  . 

5 .  1  Evaluation  of  the  cardiac  output 

Comparison  of  the  cardiac  output  values  obtained  by  the  dilution  method  and  by 
aortic  plethysmography  using  KUBICEK's  formula  in  120  subjects,  has  demonstrated  that 
there  is  only  poor  correlation  (r  -  0.58}  between  the  two  methods  and  this  shows  that 
"aortic"  plot hysmographic  evaluation  of  the  cardiac  output  does  not  provide  better  results 
than  thoracic  plethysmography  (COLIN  and  CARRE  (6))  despite  the  encouraging  results 
that  wore  obtained  initially  by  DEMANGE  et  al .  (9). 

5 . 4  Oesophageal  electrodes 

Recently  MITCHELL  and  NEWBOWER  (26)  used  four  electrodes  placed  on  an 
oesophageal  probe.  In  the  dog  they  simultaneously  recorded  the  aortic  pressure  and 
checked  that  the  method  does  provide  an  accurate  determination  of  the  pre-ejection  period 
and  the  left  ventricular  ejection  time.  They  also  found  that  the  changes  in  electrical 
impedance  recorded  were  due  more  to  the  movements  of  the  aorta  than  to  changes  in  its 
volume  and  that  this  method  cannot  be  used  to  evaluate  the  cardiac  output. 

6  -  CARDIAC  PLETHYSMOGRAPHY 


Because  of  the  limitations  of  the  thoracic  and  aortic  plethysmography,  COLIN  and 
CARRE  (7)  experimented  with  an  arrangement  of  the  electrodes  favouring  detection  of  the 
effects  of  changes  of  volume  and  position  of  the  heart  on  electrical  impedance  and 
providing  a  correct  determination  of  the  systolic  time  intervals  without  the  drawback  of 
the  usual  method  of  carotid  pulse  recording. 

The  electrode  arrangement  which  gave  the  most  satisfactory  results  was  as 

f ol lows : 


-  the  current  injection  electrodes  are  placed  one  at  the  base  of  the  neck, 
beneath  the  suprasternal  notcl\  and  the  other  on  the  left  side  of  the  abdomen  about  8  cm 
below  the  tip  of  the  heart. 

-  the  detection  electrodes  are  placed  in  the  precordial  region  and  on  the 
left  border  of  the  sternum.  The  upper  electrode  is  placed  in  the  third  or  fourth 
intercostal  space  on  a  level  with  the  nipple.  The  lower  electrode  is  placed  about  5  cm 
below,  at  the  level  of  the  tip  of  the  heart. 

The  electrodes  used  are  norm?}  lee i rocardiograph ic  electrodes. 


Detection  electrodes  are  used  to  determine  the  potential  difference  between  the 
two  surfaces  on  which  they  are  placed.  Between  these  surfaces  lie  the 

ventricles,  he  atria,  the  aorta,  the  pulmonary  artery,  the  vena  cava,  and  lung  tissue. 

But  because  of  their  proximity  to  the  recording  electrodes,  the  ventricles  have  a 
predominating  effect  on  changes  in  impedance.  Because  of  this  there  is  an  increase  in 
the  electrical  impedance  when  the  heart  empties  during  ventricular  ejection  and  a 
reduction  of  impedance  when  it  fills  during  diastole.  A  certain  number  of  other  phenomena 
are  superimposed  over  this  basic  pattern.  These  are  probably  due  mainly  to  the  following 
f  act  or s : 


-the  increase  m  volume  of  the  root  of  the  aorta,  and  of  the  pulmonary  artery 
during  ventricular  ejection;  these  are  near  to  the  upper  detector  electrodes 
and  so  influence  changes  in  electrical  impedance. 

-fo  movements  of  the  heart  during  the  cardiac  cycle,  to  respiratory  movements 
and  changes  in  body  position.  The  electrical  impedance  increases  when  the 
heart  moves  away  from  the  thoracic  cage  and  vice  versa. 

-to  a  lesser  degree,  to  changes  in  the  shape  of  the  heart  during  the  heart 
cycle. 
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by  COLIN  et  al  (7),  consisted  in  comparing  the 
trical  impedance  obtained  from  100  healthy  subjects 
t rocard logr aph ic ,  phonocardiograph ic  and  carotid 

esents  four  character  1 st  ic  features; 

ing  impedance  shortly  after  the  beginning  of  the 


ion  of  impedance  or  a  sudden  slowing  of  the  increase  i a  impedance 
occurring  33  ms  after  and  30  ms  before  the  foot  of  the  carotidog 
change  in  the  rate  of  increase  of  impedance,  on  average  occurring 
ore  the  first  hi 
al  of  the  record 


gh  frequency  vibration  of  the  second  heart  sound  (Ski¬ 
ing  indicating  a  reduction  of  impedance. 


The  third 

her.ee  to  the  end  of 
feature  corresponds 
detector  electrode. 


feature  corresponds  to  the  closing  of  the  aortic  semilunars  (AC)  and 
left  ventricular  ejection.  If  it  is  supposed  that  the  second 
to  the  increase  of  volume  of  the  root  of  the  aorta  near  the  upper 
it  should  be  possible  to  determine  the  following; 


-  the 

Q- 2  t ime 

l  nt  erva 1 

-  t  he 

2-3  time 

i  nt  erva 1 

LVET  , 
p  1  et 

which  is  equivalent  to  the  pre-ejection  period  PEP^^ 
which  would  be  the  left  ventricular  ejection  time 
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Figure  3.  Example  of  the  simultaneous  recording  of  the  electrocardiogram,  the  caret  id 
cardiogram  and  the  plethysrnogram  showing  the  reference  points  selected  to 
determine  the  left  systolic  time  intervals  (the  pre-eject  ion  period  LPEP  and 
ejection  period  LVET). 

AO  :  Aortic  opening 
AC  :  Aortic  closing 

S2  :  First  high  frequency  component  of  the  second  sound 
Pc  and  Ic  :  Foot  and  notch  of  the  carotid  cardiogram. 


Comparison  with  the  usual  carotid  pulse  determination  method  gave  the  following 
cor  re  1  at  ions : 

LVET,  .  ~  0.90  LVET,  .  .  +15.6  where  r  -=  0.81 

( plet )  ( carot . ) 

PEP,  .  x  ,  =0.55  PEP  ,  .  .  +51.5  where  r  -  0.65 

( plot  )  ( carot  .  ) 

The  fourth  reference  point  occurs  on  average  30  ms  after  and  it  has  not  been 
possible  to  relate  it  to  any  precise  cardiac  event . 

These  results  confirmed  the  hypothesis  that  point  2  corresponds  to  the  opening 
of  the  aortic  semi  lunars  (AO),  and  seemed  to  be  sufficiently  significant,  to  continue  with 
the  study, but  this  time  using  the  first  derivative  of  the  champ  of  electrical  impedance 
which  improves  the  accuracy  of  deciphering  the  recording  and  has  the  advantage  of  low 
sensitivity  to  respiration. 

The  recording  of  the  impedance  derivative  (figure  *1)  presents  five  character!?*  i 
features,  the  last  four  of  which  correspond  to  the  four  reference  points  studied  above. 

An  initial  series  of  simultaneous  recordings  from  the  cardiac  plot hysmegram, 

*  he  carotid  pulse  cardiogram,  the  phonocard i ogram  and  t he  e lect rocard logram  taken  from  5o 
healthy  subjects  confirmed  the  previous  findings: 

-  Point  3  usually  occurs  1  ns  after  the  aortic  components  of  the  second  hear* 
sound  and  can  be  considered  as  a  satisfactory  indication  of  the  time  of  aon  ic  semilunai 
c los i ng . 

-  The  correlations  between  the  time  intervals  determined  by  the  two  methods 
were  also  satisfactory: 

LVET  .  .  -  11  +  0.97  LVET  ,  where  r  -  0.95 

plot  carot . 

PEP  .  .  -  30  +  0.66  PEP  L  where  r  =  0.83 

plet  carot . 
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A  final  study  involving  the  simultaneous  recording  of  pressure  by  means  of  a 
right  and  left  catheter  and  of  the  cardiac  plethysmogram  in  32  subjects  has  confirmed 
these  conclusipns  and  further  defined  the  significance  of  these  reference  points 
( f i gure  5 ) . 

-  Point  0  corresponds  to  the  beginning  of  the  left  mechanical  systole 

-  Point  2  corresponds  to  the  onset  of  left  ventricular  ejection 
(opening  of  the  aortic  semilunars) 

-  Point  3  corresponds  to  the  end  of  left  ventricular  ejection 
(closing  of  the  aortic  semilunars) 

Cardiac  electrical  plethysmography  can  therefore  provide  a  good  evaluation  of 
the  left  systolic  time  intervals.  The  method  uses  only  the  usual  ECG  electrodes  which 
are  easy  to  install  and  do  not  inconvenience  the  subject.  These  electrodes  make  it 
possible  to  record  simultaneously  the  ECG  and  the  first  derivative  of  the  change  in 
electrical  impedance  during  relatively  long  periods  of  time  which  may  be  up  to  several 
days.  It  is  not  necessary  to  submit  the  subjects  to  apnoea  and  the  method,  which  does  no 
require  the  phonocardiogram  is  not  affected  by  noise. 
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1.  VALUE  OF  THE  TILT  TABLE  IN  THE  EXPLORATION 
OF  CIRCULATORY  FUNCTION 

by  J.  Timbal* 


Any  change  of  position  from  the  inclined  to  the  upright  position  or  vice  versa 
results  in  important  haemodynamic  changes  which  result  mainly  from  the  rapid  transfer  of 
part  of  the  total  blood  from  one  territory  to  another.  The  value  of  this  type  of 
manoeuvre  in  exploring  circulatory  system  functions  has  long  been  known  (BARACH  et  al 
1931). 

The  simplest  method  is  to  request  the  subject  to  change  position  from  lying  on  a  bed  to 
standing  motionless  upright  .  This  method  is  easy  to  carry  out  but  difficult  to 
standardise.  Furthermore  the  involvement  of  large  muscles  also  affects  circulatory 
conditions.  The  tilt  table  avoids  these  complications;  it  makes  it  possible  to 
standardise  observation  conditions  and  to  eliminate  any  muscular  effect.  If  properly 
carried  out,  the  method  provides  a  passive  orthostatic  or  antiorthostatic  test. 

In  practice,  it  is  the  orthostatic  tests  which  are  most  commonly  used  in  both 
functional  exploration  during  the  selection  or  medical  check  up  of  aeronautical  teams 
( SCANO  1974)  and  for  more  fundamental  research.  Ant iorthostat ic  tests  have  been  used 

particularly  in  the  Soviet  Union  for  the  selection  of  cosmonauts . 

In  this  article  we  will  consider  only  the  short  term  effects  of  passage  from 
the  horizontal  to  the  vertical  position  because  these  are  of  particular  importance  in 
circulatory  function  exploration. 

It  would  seem  however  that  this  tilt  table  test  is  not  in  universal  routine  use 
probably  because  of  doubts  concerning  the  repeatability  of  determinations  ( SCHVARTZ 
1968)  despite  attempts  at  standardisation  (VOGT  1966),  the  difficulty  of  determining 
criteria  of  normality  and  the  cost  of  the  apparatus.  Some  authors  prefer  other  tests 
such  as  the  LBNP  (HORDINSKY,  1980). 

I  METHOD 


The  tilt  table  consists  of  a  hard  surface  sufficiently  big  to  allow  patients 
to  rest  entirely  on  it  without  any  effort  to  keep  in  position.  The  table  must  rotate 
easily  about  a  horizontal  axis  and  change  from  one  position  to  another  relatively  quickly 

I  he  subjects  muscles  must  be  relaxed.  In  order  to  obtain  this  relaxation 
in  vertical  or  near-vertical  positions,  the  subject  must  be  supported  by  body  belts  and 
by  a  comfortable  seat  so  as  to  avoid  any  pressure  on  the  legs. 

The  position  of  the  table  is  defined  by  the  angle  with  the  horizontal  which 
serves  as  the  reference.  To  test  reactions  related  to  the  upright  position,  authors 
use  angles  of  between  +  45  and  +  90  degrees.  It  would  seem  that  maximum  haemodynamic 
effects  occur  at  an  angle  of  +  70  degrees  (TUCKMAN  and  SHILLrNGFORD  1966). 

This  position  has  the  advantage  of  being  easier  to  maintain  than  the  vertical  position 
where  the  subject  tends  to  tip  forward.  This  is  why  this  position  is  one  of  the  most 
commonly  used. 


With  respect  to  the  duration  of  the  tests,  it  would  seem  desirable  to  wait 
for  about  20  minutes  before  changing  position  so  as  to  ensure  stable  initial  values. 

The  new  position  must  also  be  maintained  for  a  similar  period.  In  this  way  it  is  possibl 
to  detect  any  changes  in  the  usual  haemodynamic  parameters. 

The  subjects  must  be  monitored  closely  to  avoid  any  loss  of  consciousness. 

In  any  subject  presenting  special  risk,  orthostatic  tolerance  should  be  tested  using 
a  smaller  angle  which  may  possibly  subsequently  be  increased. 

Factors  which  could  affect  circulatory  reactions  should  be  eliminated  as  far 
as  possible.  For  this  reason  the  subject  should  avoid  a  hot  environment,  heavy  meals 
or  severe  physical  exercise,  all  of  which  tend  to  reduce  orthostatic  tolerance,  as  well 
as  a  cold  atmosphere, which  in  theory  at  least, may  increase  tolerance. 

By  way  of  example,  antiorthostatic  tests  at  -15  and  -30  degrees  for  6  minute 
periods  with  intervals  in  the  horizontal  position  were  used  in  the  selection  of  some 
cosmonauts . 
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PRINCIPAL  EFFECTS 


The  effects  of  the  upright  position  on  various  physiological  parameters  have  been 
the  subject  of  many  studies.  The  most  commonly  observed  phenomena  are  as  follows: 

In  some  cases,  syncope  occurs  and  this  is  generally  preceded  by  a  feeling  of 
malaise  and  palor  which  lead  to  the  halting  of  the  test.  Syncope  may  occur  immediately 
in  subjects  with  a  cardiovascular  system  incapable  of  adaptation  and  this  reflects 
sluggishness  of  the  sympathetic  nervous  system.  More  commonly  it  occurs  after  a  delay 
of  a  few  minutes.  This  is  the  phenomenon  seen  in  bedridden  subjects  or  those  subjected 
to  weightlessness  for  long  periods.  It  is  more  difficult  to  explain  this  phenomenon  and 
various  fairly  intricate  mechanisms  are  probably  involved.  There  is  an  initial  failure 
of  peripheral  vaso-mot r ici ty ,  particularly  of  the  veins  which  become  incapable  of  adapting 
peripheral  resistances  (WARD  et  al  (1966)  and  so  allow  the  build  up  of  blood  in  the 
lower  parts  of  the  body.  This  failure  may  occur  rapidly  and  its  consequences  develop 
progressively  up  to  the  loss  of  consciousness  or  it  may  occur  secondarily  following 
vagal  slowing  in  response  to  severe  initial  tachycardia.  Subsequently  there  may  be  a 
failure  of  the  angiotensin/renin  system  which  is  unable  to  cope  with  the  situation. 

The  heart  rate  should  normally  rise  as  the  table  is  tilted.  The  rapidity 
with  which  this  occurs  is  a  good  sign  of  responsiveness  of  the  sympathetic  nervous 
system.  However  this  tachycardia  should  remain  moderate  and  not  exceed  an  increase  of 
40%  above  resting  values.  A  heart  rate  of  above  1O0  is  a  negative  feature.  An 
excessive  rise  reflects  insufficient  adjustment  of  peripheral  resistances  and  heralds 
syncope.  However  in  certain  cases  syncope  may  be  preceded  by  bradycardia.  (WARD  et  al 
1966). 


Cardiac  output  is  reduced  during  the  orthostatic  test. 

This  has  been  kn  own  since  1944  (McMICHAEL  and  SHARP EY- SCHAFER  1944).  This  reduction  which 
is  a  function  of  the  angle  of  tilt  is  considerable  and  reaches  about  65%  in  the  vertical 
position  (MATALON  and  FARHI ,  1979;  SEGEL  et  al,  1973).  Since  the  heart  rate  is  usually 
increased,  this  phenomenon  is  related  to  a  fall  in  the  systolic  ejection  volume  ( BEVEGARD 
I960,  SMITH  et  al  1970)  . 

The  different  phenomena  result  in  a  change  in  the  systolic  time  intervals  with 
the  shortening  of  the  left  systolic  ejection  time  ( LVET )  and  an  extension  of  the  left 
pre-ejection  period  (LPEP),  with  a  rise  in  the  LPEP/LVET  ratio.  (SPODICK  et  al,  1971; 
STAFFOD  et  al,  1979)  . 

Regional  blood  supply  is  of  course  affected.  This  has  been  confirmed  for  the 
cerebral  blood  flow  which  is  reduced  (WHITE  and  ROLD,  1948),  the  hepatic  flow 
("CULBERTSON  et  al.  1951),  and  the  flow  in  the  forearm  and  hand  (MENGESHA  and  BELL,  1979). 

Interstitial  and  venous  stasis  in  the  lower  parts  of  the  body  can  be  assessed  by 
determining  the  overall  increase  in  circumference  and  volume  of  the  legs  or  by  changes 
in  tissue  thickness  (KIRSCH  et  al,  1980). 

The  blood  pressure  is  of  particular  interest.  During  a  change  of  position,  the 
systolic  arterial  pressure  tends  to  fall,  but  in  the  healthy  subject  this  fall  should  be 
slight  or  rapidly  overcome.  Sometimes  there  may  even  be  a  very  slight  rise  (ALLISON 
et  al,  1970). 

The  diastolic  arterial  pressure  rises  and  generally  remains  above  resting  values 
throughout  the  test. 

In  cases  of  poor  tolerance  there  is  a  marked  fall  in  the  systolic  pressure  and 
a  narrowing  of  the  systolic/diastolic  difference. 

This  simple  test  provides  information  useful  not  only  for  the  assessment  of 
orthostatic  tolerance  but  also  for  the  early  detection  of  hypertension  ( FROM LI CM  et  al, 
1967). 


The  pressure  in  the  pulmonary  artery  falls  by  about  30%  during  a  tilt  to  +  60 
degrees  (LEWIS  and  CHRI STIANSON”  19  78)  .  Central  venous  pressure  is  also  reduced. 

With  regard  to  respiration,  the  minute  ventilation  and  the  alveolar  ventilation 
are  increased  by  about  20%  and  the  functional  reserve  volume  by  about  40%,  in  the 
vertical  position  (MATALON  and  FARHI,  1979). 


Oxygen  consumption  increases  only  very  slightly  (RAKN  and  AHENT,  1955)  so  that 
the  venous  partial  pressure  of  oxygen  falls  slightly  in  relation  with  the  decrease  in 
blood  flow.  On  the  other  hand  the  venous  partial  pressure  of  carbon  dioxide  changes 
1  it t le» probably  because  of  the  opposed  effects  of  the  increase  in  alveolar  ventilation 
and  the  decrease  in  cardiac  output  (MATALON  and  FARHI,  1979). 

The  effects  of  tilting  from  the  vertical  position  to  the  horizontal  position 
have  rarely  been  investigated.  It  would  seem  that  the  phenomena  detected  are  a  reversal 
of  those  described  above.  This  has  been  confirmed  for  the  heart  rate  and  the  left 
systolic  time  (COLIN  and  TIMBAL  1980). 
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INTERPRETATION 


The  effects  seen  during 
effects  of  gravity  on  the  body. 


the  tilt  table  tests  are  related  to  changes 
Two  morphological  factors  are  involved: 


in  the 


-  the  anatomical  arrangement  of  the  large  blood  vessels,  which  generally 
follow  the  major  axis  of  the  body.  Depending  on  whether  the  pull  of  gravity  acts  along 
this  axis  or  perpendicularly  to  it,  the  static  component  of  the  intravascular  pressure 
is  changed. 


-  the  low  pressure  distendability  of  the  circulatory  system.  This  system 
which  contains  about  85%  of  the  total  blood,  includes  major  blood  stream  veins,  the  right 
heart,  che  pulmonary  circulation  and  the  left  ventricle  in  diastole.  The  compliance 


of  this  system  (3ml  mm  Hg.kg 
(0.015  ml. mm  Hg .  kg“^ ) . 


-I 


)  is  much  higher  than  that  of  the  arterial  system 


It  therefore  easily  changes  shape  as  a  result  of  changed  pressure  resulting 
from  changes  of  position. 


During  a  change  to  the  upright  position,  the  blood  pressure  rises  in  the  lower 
part  of  the  body  particularly  in  the  legs  and  blood  accumulates  in  the  distendable 
regions.  The  venous  stasis  produced  corresponds  to  a  liquid  displacement  of  between 
0.4  and  1  litre  of  blood  mainly  originating  in  the  int ra- thorac ic  vessels.  This 
phenomenon  results  in  reduced  venous  return  and  a  reduction  of  the  cardiac  output 
somet imes  described  as  "intravascular  bleeding".  In  the  absence  of  any  compensating 
response,  there  would  be  a  very  severe  fall  in  arterial  pressure  in  the  supracardiac 
territories , rapidly  leadinq  to  a  loss  of  consciousness  during  to  impaired  cerebral 
circulation . 


The  normal  reaction  involves  various  mechanisms  v/hich  maintain  an  adequate 
perfusion  of  the  various  organs  and  of  the  brain  in  particular.  These  consist  of  very 
rapid  adaptations  of  the  circulatory  flow  and  the  peripheral  resistances  and,  over  a 
longer  period,  of  the  volume  of  the  circulating  blood. 

Here  we  are  concerned  only  with  the  rapid  adaptations;  the  initial  hypotension 
produced  during  the  tilt  has  an  immediate  effect  on  the  baroceptors.  Via  the 
autonomic  nervous  system,  these  receptors  produce  an  acceleration  of  the  heart  rate  and 
this  tends  to  restore  the  cardiac  output.  They  also  trigger  arterial  and  venous 
vaso-const r ict ion  which  increases  peripheral  resistance  and  so  the  disturbances  of 
arterial  pressure  are  corrected  although  the  efficiency  of  the  system  may  vary  from 
individual  to  individual. 


Cutaneous  and  sub-cutaneous  vaso-constr ict ion  may  also  occur  in  response  to 
local  sympathetic  reflexes  (HENRIKSEN  1981). 

The  involvement  of  the  renin/angiotensin  system  occurs  more  gradually  and  the 
renin  activity  of  the  plasma  rises  from  20  to  50%  of  the  resting  baseline  after  5 
minutes  and  to  300%  above  the  baseline  after  60  minutes  (SASSAR  et  al  1976).  This 
activation  is  due  to  the  reduced  int rathoracic  volume  of  blood  which  is  detected  by  the 
stretch  receptor  in  the  atrial  walls  and  to  a  reduction  in  the  intra-renal  arterial  pressure 
stimulating  the  intra-renal  stretch  receptor  and  probably  to  a  general  activation  of  the 
adrenergic  system.  The  angiotensin  and  particularly  the  angiotensin  II  released  has 
both  peripheral  and  central  hypertensive  effects  which  gradually  take  over  from  the 
initial  response. 

There  is  also  a  rise  in  the  blood  aldosterone  level,  but  its  effect  on  water  and 
salt  retention  does  not  reach  a  detectable  level  for  too  long  a  period  to  be  suitable  for 
tilt  table  tests. 

During  a  change  from  the  vertical  to  the  horizontal  position,  the  stimulation 
of  the  circulatory  system  is  reversed,  the  blood  flows  into  the  upper  part  of  the  body 
and  the  reservoir  is  filled.  The  blood  pressure  rises  in  the  supracardiac  territories. 

The  baro-  andstretch  receptors  trigger  regulatory  reactions,  slowing  of  the  heart  rate  and 
reduction  of  peripheral  resistances.  The  inhibition  of  plasma  renin  activity  is 
relatively  slow  since  minimum  values  are  reached  only  after  about  ten  hours  (CIER  1979). 

Since  the  horizontal  position  can  be  maintained  for  long  periods,  it  is  possible 
to  investigate  more  longterm  adjustments  which  are  intended  to  reduce  the  blood  r^'s 
by  inhibition  of  ADH-secretion  and  the  stimulation  of  aldosterone  secretion. 

However  these  are  phenomena  requiring  longterm  research  and  not  involved  in  routine 
functional  exploration. 


4  CONCLUSION 

Tilt  table  tests  demonstrate  the  rapidity  and  efficacy  of  the  cardiovascular 
responses  to  position  changes,  i.e.  to  changes  in  the  effects  of  gravity.  This  test 
is  therefore  of  great  interest  in  aerospace  medicine  and  may  be  included  in  selection 
and  check  up  tests  for  the  physical  fitness  of  aircrew.  However  the  way  it  can  be 
included  in  the  battery  of  routine  tests,  the  standardisation  of  the  protocol  and  of 
interpretation  of  the  results  remain  to  be  defined  more  closely.  This  is  why 
research  into  this  question  must  continue. 
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VALUE  OF  THE  "LOWER  BODY  NEGATIVE  PRESSURE"  TEST 
IN  AEROSPACE  MEDICINE 


by  B  Vettes*  and  H.  Viei 1 lef ond  *  * 


1  INTRODUCTION 


Weightlessness  poses  three  main  problems  to  space  medicine.  The  changes  of 
distribution  of  blood  and  vestibular  volumes  resulting  in  space  sickness  . 

The  study  of  the  physiopathological  effects  of  weightlessness  is  not  easy, 
since  these  occur  when  the  human  body  escapes  from  the  attraction  of  the  earth.  It  is 
therefore  necessary  to  use  simulation  methods  to  explore  the  functioning  of  the  various 
physiological  systems  involved. 

With  respect  to  the  effect  of  weightlessness  on  cardiovascular  function,  it 
soon  became  obvious  that  the  physiopathological  effects  may  be  related  to  a  new  distribution 
of  the  blood  volumes  a. id  that  the  so-called  orthostatic  tests  would  provide  interesting 
information.  At  pres  nt  there  are  two  types  of  test  able  to  produce  similar  blood 
volume  distributions  to  those  detected  during  prolonged  space  flights  and  during  the 
return  to  earth.  One  type  of  test  involves  changes  of  position  of  the  whole  body; 
these  are  functional  explorations  carried  out  on  tilt  tables  or  during  very  prolonged 
bedrest.  The  other  type  of  test  produces  pressure  differences  surrounding  the  upper  and 
lower  parts  of  the  body  and  so  causes  the  mass  of  blood  to  be  transferred  into  the 
territories  surrounded  by  the  lowest  pressure.  This  is  the  test  known  as  the  "lower 
body  neqative  pressure"  test  or  LBNP.  It  may  be  of  interest  to  note  that  French  authors 
use  these  initials  as  there  is  no  recognised  French  term. 

2  TECHNICAL  ASPECTS  AND  PROCEDURE 

The  test  requires  the  use  of  an  air-tight  container  into  which  the  lower  part  of 
the  subject's  body  is  placed  up  to  the  level  of  the  antero-super lor  iliac  crests. 

To  the  best  of  our  knowledge,  there  is  no  caisson  available  on  the  market  for  the 
purposes  of  this  test  and  each  laboratory  or  unit  of  functional  exploration  has  to 
prepare  their  own. 

The  force  of  the  container  may  vary  greatly  and  is  of  little  importance. 

The  authors  use  an  Afcodur  cylinder  which  is  500  mm  in  diameter  and  1500  mm  in  length 
i.e.  with  a  value  of  295  dm3.  This  can  be  made  of  hardboard,  metal  or  plastic,  the 
essential  feature  being  that  the  structure  is  not  deformed  by  the  changes  in  pressure 
appl led . 


There  are  no  special  problems  attached  to  the  production  of  relatively  small 
reductions  in  pressure.  A  system  of  vacuum  pumps  easily  provides  depressions  of 

about  100  h  Pa  if  the  caisson  is  not  too  large. 

The  most  difficult  problem  would  seem  to  be  that  of  the  sealing  around  the  body 
which  must  be  thorough  and  which  must  adapt  itself  to  the  shape  of  the  subject  being 
tested.  The  most  satisfactory  solution  would  appear  to  be  that  used  in  the  ftiysiology, 
Biophysics  and  Medicine  Department  of  the  University  of  Kentucky  Medical  Centre  (16) 
which  uses  an  iris-like  structure.  However  it  is  not  easy  to  introduce  the  subject  into 
the  container  or  to  get  him  out  again. 

The  assembly  used  by  NASA  at  the  Houston  Manned  Spacecraft  Centre  (13)  overcomes 
nost  of  the  obvious  drawbacks.  For  reasons  of  economy,  the  authors  have  preferred  to  use 
a  Neoprene  tube  which  the  subject  wears  like  a  belt  and  which  fits  onto  an  Afcodur 
cylinder  to  which  it  is  laced.  If  a  whole  population  is  to  be  covered,  two  or  three 
different  lengths  of  tubing  should  be  provided. 

In  the  Yuri  Gagarin  cosmonaut  training  centre,  Soviet  researchers  use  an 
inflatable  sausage,  which  provides  a  very  good  waist-seal  when  inflated  but  does  produce 
some  abdominal  pain. 

3  EXPERIMENTAL  PROTOCOLS 

There  is  no  standard  test  protocol  and  the  literature  includes  many  methods 
differing  with  respect  to  the  duration  and  extent  of  the  pressure  depression  applied. 

For  the  selection  of  cosmonaut  candidates,  the  Soviets  use  the  following 

prot  ocol : 

After  a  rest  period  of  15  minutes  the  following  pressure  reductions  are  applied: 


*  Research  specialist  in  the  Service  de  Sante  des  Armees; 
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This  protocol  is  simple,  and  rapid  and  produces  sufficient  change  in  the 
circulating  blood  masses  to  assess  cardiovascular  function. 

This  protocol  was  also  used  in  the  selection  of  French  spacionaut  candidates  in 
the  Sal  1 out -Soy ouz  project  of  1  982. 

In  the  United  States  where  more  studies  have  been  undertaken,  the  protocols 
vary  from  author  to  author  with  respect  both  to  the  extent  of  pressure  duration  and  the 
time  for  which  it  is  applied.  However,  overall,  one  can  divide  the  protocols  into  two 
groups.  One  group  are  all  fairly  similar  to  the  Soviet  protocol  and  involve  stages  of 
5  minutes  at  -4Q  then  at  -53  and  finally  at  -67  h  Pa  (3);  the  other  group  have  longer 
periods  of  exposure  and  sometimes  greater  pressure  reductions,  for  instance  LOEPPKY  (6) 
uses  three  successive  stages  of  10  minutes  at  -27  ,  -53  and -80  h  Pa. 

Other  protocols  involve  a  single  exposure, which  may  be  fairly  lengthy,  to  reduced 

pressure . 

WOLTHUIS  (14)  subjected  his  subjects  to  reductions  of  -53  h  Pa  applied  for  15 
minutes;  STEVEN’S  et  al  12)  had  an  exposure  period  of  20  minutes. 

FASOLA  et  al  (2)  investigated  several  protocols  by  changing  the  pressure  reduction 
applied  to  the  lower  body  over  a  30  minute  period. 

WOLTHUIS  et  al  (15)  carried  out  a  valuable  study  comparing  the  cardiovascular 
response  of  subjects  under  a  protocol  involving  a  single  pressure  reduction  and  under  a 
protocol  involving  progressive  stages  of  reduction.  The  first  protocol  involved  a 
reduction  of  -53  h  Pa  applied  for  15  minutes,  and  the  second  involved  three  successive 
stages  of  5  minutes  at  -27,  -40,  and  -53  h  Pa.  There  was  no  significant  difference 
between  the  results  (heart  rate,  leg  volume,  systolic  ejection  volume)  obtained  during 
the  final  minutes  of  the  two  tests.  In  other  words,  it  would  seem  that  the  extent  of 
the  depression  would  seem  to  be  a  more  significant  physiological  stimulus  that  the  time 
for  which  this  depression  is  applied.  The  authors  also  report  that  the  test  involving 
progressive  stages  has  the  advantage  of  providing  better  information  concerning  the 
development  of  vascular  changes.  The  use  of  a  simple  prolonged  reduction  of  pressure 
would  also  seem  to  produce  more  frequent  vascular  collapse  and  loss  of  consciousness. 

At  present,  it  would  seem  that  constant  level  LBNP  tests  are  being  abandoned  in  favour 
of  tests  involving  successive  increments. 

4  RESULTS 


The  effects  of  the  LBNP  test  have  frequently  been  studied  and  can  be  divided  into 
two  groups  which  we  will  consider  separately.  The  first  group  contains  the  cardiovascular 
effects  and  the  second  the  respiratory  effects.  It  is  obvious  that  this  distinction  is 
totally  arbitrary,  and  it.  is  evident  that  depression  of  int rathorac ic  inspiration  affects 
the  return  of  venous  blood. 


4 . 1  Cardiovascular  effects 

From  the  cardiovascular  point  of  view,  the  depression  applied  to  the  lower  body 
during  the  test  has  the  major  effect  of  displacing  part,  of  the  blood  mass  towards  the 
intracardiac  territories. 

This  displacement  of  the  blood  is  accompanied  by  a  series  of  physiological  changes, 
the  most  important  of  which  is  probably  the  fall  in  central  venous  pressure.  This  effect 
results  in  a  reduction  of  the  systolic  ejection  volume  and  hence  of  the  cardiac  output  in 
accordance  with  STARLING'S  lav/  and  may  result  in  a  fall  of  arterial  pressure  as  ROWELL 
>10)  and  ROWELL  et  al  (11)  have  shown. 

Of  course  the  regulatory  mechanisms  are  involved  and  maintain  the  arterial 
pressure  sufficiently  to  ensure  perfusion  of  the  noble  organs.  These  mechanisms  arc  of 
two  types.  The?  first  are  rapidly  called  into  play  and  produce  reflex  or thosympat hot l c 
activation  from  the  sino-carotid  and  aortic  baroceptors.  This  in  turn  produces  an 
increase  in  the  heart  rate,  the  cont ract i 1 i ty  of  the  myocardium  and  of  the  peripheral 
vascular  resistances.  The  second  group  are  more  long  term  in  effect  and  involve  renal  and 
hypothalomo  pituitary  endocrine  adjustments,  in  response  to  signals  from  *  1  •  stretch 
receptor  of  the  right  atrium.  These  produce  water  retention  and  hence  mail"  i.nco  of  blood 
volume  (SHIMIZU  et  ai  (12). 

As  well  as  the  fall  of  central  venous  pressure,  the  accumulation  blood  in  the 

venous  reservoir  system  of  the  leqs  involves  a  very  considerable  increase  in  the  transmural 

pressure  which  results  in  a  net  plasma  flow  into  the  ext ravascular  spaces. 

The  change  in  volume  of  the  legs  is  extremely  rapid  and  depends  on  the  pressure 
reduction  applied  to  the  lower  body. 

MUSGRAVE  et  al  (7),  using  a  water  p iet.hysmogr aph  system,  demonstrated  that  legs 
submitted  to  a  pressure  reduction  of  -53  h  Pa  show  an  increase  in  volume  of  2.9%  after 
one  minute  of  exposure,  3.4%  after  three  minutes  and  3.6%  after  five  minutes. 

According  to  these  authors  the  level  of  filtration  of  plasma  across  the  vein  wall  is  of 
the  order  of  0.03  ml/mn  per  100  ml  of  tissue  and  hence  very  similar  to  the  data  published 
by  DRURY  and  JONES  (1)  in  1927. 

Very  recently  POIRIER  (18)  during  the  selection  of  French  cosmonauts  carried  out 

at  the  Centre  National  d'Etudes  Spatiales,  and  using  an  electrical  impedance  plot hy smog r aph , 

was  able  to  measure  changes  in  the  volume  of  the  calf  during  pressure  reductions  of  as 
much  as  67  h  Pa.  The  mean  increase  in  volume  of  the  leg  varied  from  subject  to  subject, 
between  1.2  and  5.8  %  with  a  group  mean  of  2.6%.  These  figures  exactly  natch  those  of 
LOEPPKY  et  al  < 6 )  which  were  obtained  with  pressure  reductions  of  up  80  h  Pa. 
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For  many  authors  and  particularly  for  the  specialists  at  the  NASA  Johnson  Space 
Center  (5),  the  physiological  parameter  most  sensitive  to  the  changes  produced  by  LBNP 
is  beyond  doubt  the  heart  rate. 

All  the  studies  published  to  date  report  a  considerable  increase  m  the  heart 
rue  during  the  test. 

In  a  comparative  study  of  the  cardiovascular  results  obtained  lr  three  different 
orthostatic  tests  following  prolonged  bedrest  to  simulate  weightlessness,  HYATT  et  ai 
(3)  were  able  to  show  that  the  LBNP  was  frequently  the  test  which  produced  the  greatest 
change  in  heart  rate. 

In  POIRIER's  study  already  mentioned  (8),  a  mean  increase  of  30%  in  the  heart 
rate  was  obtained. 

4 . 2  Respiratory  effects 

The  main  effect  of  the  LBNP  on  the  ventilatory  mechanism  is  i  shift  of  the 
t horaco-pu lmonary  compliance  plot  towards  the  left  by  about  15%  of  the  reserve  functional 
capacity  .  This  is  fairly  similar  to  the  changes  described  by  RAHN  et  al  (9)  during 
a  change  from  the  prone  to  the  sitting  position.  LOEPPKY  et  al  (6)  report  and  increase 

in  pulmonary  ventilation  essentially  related  to  an  increase  of  the  flow  volume. 

The  gas  exchanges  of  course  altered  because  of  the  reduced  central  blood  volume. 
The  diffusion  capacity  of  the  lung,  assessed  from  theDii/CO)  is  reduced  by  17%  after  6 
minutes  of  LBNP  at  -53  h  Pa  ( ZECHMAN  et  al  (17)  .  m  a  similar  field,  LOEPPKY  et  al 

(6)  detected  a  fall  of  20%  in  the  pulmonary  capillary  transfer  of  oxygen  during  the  first, 
minute  of  an  LBNP  test  at  -26  h  Pa  accompanied  by  a  fall  in  the  oxygen  content  of  venous 
blood  . 

5  APPLICATION  OF  THE  LBNP  TEST  IN  AEROSPACE  MEDICINE 

The  lower  body  negative  pressure  test  is  of  two-fold  interest  in  aerospace 
medicine.  Firstly,  it  provides  an  excellent  method  for  investigation  of  the  cardiovascular 
and  respiratory  changes  associated  with  weightlessness  and  secondly  it  provides  a  method 
of  preventing  these  problems  during  flight  . 

STEVENS  et  al  (13)  have  shown  that  the  daily  use  of  the  LBNP  during  a  period  of 
one  month  of  total  bedrest  is  very  effective  in  preventing  the  loss  of  plasma,  reducing 
the  increase  in  heart  rate  and  maintaining  the  cardiac  index  at  a  more  satisfactory  level 
during  the  LBNP.  It  is  therefore  not  surprising  that  use  of  the  LBNP  has  been 
extended  to  the  training  of  astronauts  and  to  the  prevention  cf  the  severe  orthostatic 
syndromes  which  occur  after  a  return  from  a  mission. 

In  1976,  JOHNSON  et  al  (5)  reported  the  American  experience  following  the  sky  lab 
flight  (3)  and  the  usefulness  of  LBNP  seemed  obvious  to  these  authors.  Currently  all 
orbital  stations  are  equipped  with  a  caisson  suitable  for  carrying  out  this  test.. 

However,  aeronautical  medicine  can  also  benefit  from  the  lower  body  negative 
pressure  test  not  only  as  a  clinical  orthostatic  test  but  especially  as  a  means  of 
investigating  cardiovascular  adaptation  capacity  to  the  positive  longitudinal  accelerations 
known  as  +  C  . 

The  physiopathological  disturbances  produced  by  +  Gz  acce lerat  ions  are  of  vascular 
origin  and  the  mechanism  by  which  they  occur  is  fairly  similar  to  that  underlying  LBNP. 

It  is  of  interest  to  note  that  weightlessness  reduces  the  tolerance  of  accelerat 1 ons . 
(JACOBSEN  et  al  (4)). 

The  use  of  the  centrifuge  to  investigate  acceleration  tolerance  remains  a  costly 
test  which  is  difficult  to  operate  and  and  in  some  c l rcumstances  it  can  be  complemented 
by  the  LBNP  test  . 

BIBLIOGRAPHY 

1  *  DRURY  A.N.  and  JONES  N.W. 

Observations  upon  the  rata  at  wich  oedema  forma  whan  the  veins  of  the  human  limba 
ara  congee tad. 

Heart  1927-14-55  -70 

2  -  FASOLA  A.F. ,  MARTZ  B.L. 

Peripheral  Venous  Banin  Activity  during  70*  tilt  and  lover  Body  Negative  Preeaure 
Aerospace  Med.  1972  43  (7)  715-715 

3  -  HYATT  K.H.  JACOBSON  L.B.,  SCHNEIDER  V.C. 

Comparison  of  70*  tilt,  LBNP  and  paesive  standing  aa  measures  of  orthostatic  to¬ 
lerance. 

Aviat.  Space  Environ.  Med.  1975  46  (6)  801-808 

4  -  JACOBSON  L.B.,  HYATT  K.H.,  SANDLER  H. 

Effects  of  simulated  weightlessness  on  responses  of  untrained  men  to  ♦  Gz  accele¬ 
rations. 

J.  Appl.  Physiol.  '974  36  (6)  745-752. 

5  -  J0HMSON  H.L.,  NICOCOSSIUi  A.S.,  BEBGMAH  S.i.  HOPPLE!  G.W. 

Lower  Body  Negative  Pressure  i  the  second  manned  ekylab  mission 
Aviat.  Spac.  gnvlron.  Had.  1976  47  (4)  347-353 

6  -  LOEPPKY  J.A. f  YEHTEHS  H.D.,  L0PT  U.C. 

Blood  voluaa  and  cardioraaplrator,  r.apona.s  to  lov.r  Bod,  N.gativv  Praatur. 

Aviat.  Spao.  Environ.  Had.  1978  49  (  11)  1297-1507 


.1 


7  -  MUSGRAVE  F.S.,  ZECHMAN  F.V.#  MAINS  R.C. 

Changes  in  total  leg  volume  during  lower  Body  negative  pressure 
Aerospace  Med.  1969  40  602-606 


8  -  POIRIER  J.L. 

Lee  tests  d'orthoatatisoe  lore  de  la  selection  dee  cosmonautee 
Med.  A4ro.  et  Spat.  Med.  sub.  Hyp.  1981  (  k  paraitre  ) 

9  -  HAHN  H.,  OTIS  A.B.,  CHADWICK  L.E.,  FENN  W.O. 

The  pressure  volume  diagram  of  the  thorax  and  lung 
Am.  J.  Physiol  1974  146  -  1 6l  -  170 


10  -  ROWELL  L.B, 

Regulation  of  splanchnic  blood  flow  in  man. 

Physiologist.  1973  16  127-M2 

11  -  ROWELL  L.B. 9  BLACKMON  J.R.  WYSS  C. 

Importance  of  the  splanchnic  vascular  bed  in  human  blood  pressure  regulation. 

J.  Appl.  Physiol.  1972  32  215-220 

12  -  SHIMIZU  M.,  GUST  A  D.N.,  SANDLER  H. 

Cardiovascular  Regulatory  Response  to  lower  body  negative  pressure  following 
blood  volume  loss 

Aviat.  Space  Environ.  Med.  1979  50  0)  24-33 

13  -  STEVENS  P.M. ,  MILLER  P.B.,  GILBERT  C •£•  ,  LYNCH  T.N.,  JOHNSON  R.L, ,  LAMB  L. E. 

Influence  of  long  term  Lower  Body  Negative  Presure  on  the  circulatory  func¬ 
tion  of  man  during  prolonged  bed  rest. 

Aarospac.  Med.  1966  37  (4)  357-367 

14-  WOLTHTIIS  R.A.,  HOPPLEB  G.W. ,  JOHNSON  R.L, 

Lover  Body  Negative  pre.aur®  ..  ui  assay  technique  for  orthostatic  tol.ranc.  I 
th.  Individual  r.apona.  to  a  conatant  l.r.l  (  -  40  mmHg)  of  LBNP. 

A.roapaca  Mad.  1970  41  (  l)  29-35 

15  -  WOLTHUIf  '■  ...  HOFFLKR  G.W.,  JOHNSON  R.l. 

.  .  Body  Negative  Pr.aura  aa  an  assay  technique  for  orthostAtlc  tolerance  II  a 

. _ jparison  of  tha  individual  raapona.  to  InorlB.ntal  us  constant  lavela  of  LBNP. 

Aaroapaca  Msd.  1970  41  (4)  419-424 

1 6  -  VOLTHUIS  R.A.,  HOPPLES  C.V.,  BAKER  J.T. 

Improved  Valet  Seal  Design  for  Ua*  With  Lover  Body  Negative  Presure  (LBNP) 
devices. 

Aerospace  Med.  197*  42  (4)  461-462 

17  -  ZECHMAN  P.K.,  MUSGRAVE  P.S.,  MAINS  R.C,,  COHN  J.E. 

Respiratory  mechanics  and  pulmonary  diffusing  capacity  with  Lower  Negative 
Presure 

J.  Appl.  Physiol.  1967  22  (-2) 


247-250 


Ji 


19.1 


3.  METHODS  AND  MAJOR  FINDINGS  OF  CARDIOVASCULAR 'EXPLORATION 
INVOLVING  THE  HUMAN  CENTRIFUGE 

by  B.  Vettes*  and  H.  Vieillefond** 


Cardiovascular  function  is  particularly  sensitive  to  the  prolonged  accelerations 
encountered  in  aeronautics. 

During  +  Gz  accelerations,  the  forces  of  inertia  are  directed  towards  the  legs. 

They  tend  to  produce  an  accumulation  of  blood  in  the  lower  regions,  i.e.  especially  in  the 
splanchnic  veins  and  the  veins  of  the  legs  which  dilate  considerably .  As  the  accelerations 
increase,  there  is  a  fairly  rapid  accumulation  and  within  a  few  seconds  the  venous  return 
to  the  heart  is  not  sufficient  to  provide  satisfactory  cerebral  irrigation.  Furthermore 
the  increase  in  the  weight  of  the  blood  column  above  the  heart  produces  excessively  low 
arterial  pressure  in  the  terminal  arteries  of  the  retina  and  encephalon  even  though  the 
cerebral  flow  of  the  major  trunks  is  maintained  by  a  syphon  effect  between  the  right 
heart  and  the  left  heart. 

The  body  calls  correcting  mechanisms  into  play,  particularly  a  rise  in  the  heart 
rat  ,  vasoconstriction  and  increased  force  of  cardiac  contraction.  This  haemodynamic 
tolerance  is  a  function  not  only  of  the  degree  of  acceleration  but  also  of  the  duration 
and  :>f  the  suddenness  with  which  it  is  applied.  This  tolerance  may  be  increased  by  various 
physiological  manoeuvres  (manoeuvres  Ml,  M2  or  Ll )  and  the  use  of  respiration  under  increased 
pressure  and  anti-g  equipment. 

During  -  Gz  accelerations,  the  forces  of  inertia  are  directed  towards  the  head, 
and  the  arterial  and  venous  pressures  above  the  heart  rise  as  soon  as  the  -  Gz  acceleration 
begins.  The  fall  in  heart  rate  accompanied  by  reduced  systolic  output  and  cerebral  arterial 
pressure  is  due  to  the  sino-carotid  reflex  triggered  by  carotid  hypertension. 

During  transversal  accelerat ions,  +  Gz  and  +  Gy,  the  forces  of  inertia  are 
directed  perpendicularly  to  the  axis  of  the  major  blood  vessels.  This  is  why  the  circular  lor. 
is  much  less  severely  affected  and  tolerance  much  better. 

However,  experience  has  shown  that  transverse  accelerations  do  produce  notable 
cardiovascular  reactions.  It  has  been  possible  for  over  forty  years  to  reproduce  +  Gz. , 

+  Gx  and  +  Gy  accelerations  in  the  seated  or  reclining  subject  using  the  human  centrifuge. 

The  centrifuge  remains  an  excellent  means  of  investigating  the  efficacy  of  protective 
devices,  particularly  anti-g  clothing.  Research  has  concerned  both  anti-g  trousers  ar.d 
the  anti-g  valve.  The  purpose  of  the  research  is  to  improve  the  comfort  of  the  clothing 
(BURTON  and  KRUTZ  1975;  DAVIES  1976,  SHAFFSTALL  1978)  of  producing  uniform  pressure 
within  the  clothing  (BURTON  et  al,  1973;  KRUTZ  et  al  1974)  of  ensuring  improved  efficacy 
of  the  anti-g  valve  by  a  pre- inf lat ion  technique  (SUCHNER  and  DOUGHERTY  1  973  ,  VETTES  et 
al  1979)  or  by  changing  the  conditions  of  inflation  (THOMPSON  et  al,  1978  a  and  b). 

In  general  tb*  following  parameters  are  recorded: 

-  heart  rat*' 

-  elect rocardiogram 

-  arterial  pressure 

-  heart  output,  local  flow 

-  vi sual  field. 

However,  generally  the  methods  of  determination  are  invasive  involving  the  trauma 
of  catheterisation  and  considerably  hindering  the  subject,  undei  test.  It  is  of  great 
interest  to  have  available  non-invasivo  and  simpl  methods.  This  is  the  purpose  ot  the 
present  article. 

1  -  Heart  rate 

This  can  be  measured  by  phonocardiography,  with  the  phonocard i ogr aph  firmly  attached  to 
the  thorax  of  the  subject  by  an  elas*ic  strap  (VETTES  et  al,  19  79)  .  However,  durm.,  the 
centrifugal,  movement,  the  instrument  is  severely  affected  by  the  surrounding  noise. 

This  is  why  the  heart  rate  is  often  calculate  from  the  elect  rocard;  ngraph  c  recording. 

At  the  BRETIGNY  Laboratory  of  Aerospace  Medicine,  the  heart  rate  is  c.-i  i-'ulat.  ed  from 
three  cycles  and  continuously  displayed  by  a  digital  computer. 

Since  only  a  very  approximde  value  is  obtained,  it  is  preferable  *  <  •  calculate 
the  value  from  ten  cardiac  cycles  or-  the  electrocardiogram. 

During  +  Gz  acceleration,  the  heart  rate  increases  in  function  of  the  accr 1 er at  i on 
up  to  +  7  Gz  and  may  reach  150  to  1 80  beats  per  minute;  above  this  .;>•  vf  1  era?  :  on  further- 
increase  is  slight  f  PARKHURST  et  al,  1^72;  SHUBROOKS,  lr<72;  SHU  R  ROOK  S  ..ml  LKVERFTT,  19  3; 
LEVERETT  et  a  1  ,  1 9  "M  ;  BURTON  et  al,  1  *  7  4).  In  l’’wer  acc.e  lor  at  l  ’ns  -  i  4-5  r.z,  t  he 
anti-g  trouser  is  able  to  afford  some  protection,  Limiting  the  tachycardia  whilst  regaining 
the  adaptive  function  of  the  tachycardia  in  restricting  the  tall  in  -cardiac  out:  at  1  VETTES 
of  al,  1979). 

This  tachycardia  has  throe  components: 

-  an  '"•motional  fa'“ot 

-  physiological  manoeuvres  'Ml,  1.1  intended  ircpr-  ve  *  1  e  *  a  nee  • 
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-  the  Gz  accelerations  themselves. 

However  SHUBROOKS  and  LEVERETT  (1973)  reported  a  reduced  heart  rate  in  a  subject 
exposed  to  +  7.5  <'z.  The  heart  rate  of  the  subject  changed  from  160  to  00  beats  per 
minute  between  the  ) 8th  an d  the  30th  second  was  reported  by  KIRKLAND  and  KENNEALY  in 
1976  and  by  GILLINGHAM  and  CRUMP  (20).  The  interpretation  of  this  phenomenon  is  not 
clear  and  there  may  have  been  some  pathological  cause. 

During  -  Gz  acceleration  sinus  bradycardia  is  detected  (VETTES  and  POIRIER 

1978)  .  The  heart  rate  may  fall  to  38  beats  per  minute  and  may  even  be  followed  by 
cardiac  arrest  (BONDURANT  and  WILLIAM  1958). 

During  Gx  transverse  accelerations,  the  heart  rate  increases  but  to  a  lesser 
extent  in  the  case  of  moderate  accelerations;  for  accelerations  of  8,  10  or  12  g,  higher 
values  may  be  reached  (VETTES  and  AUFFRET  1980)  and  the  heart  rate  may  reach  160  or 
even  more  beats  per  minutes  in  the  prone  subject  (BONDURANT  et  al  1958). 

2  -  The  electrocardiogram 

This  is  performed  routinely  in  all  experiments  as  a  safety  precaution.  However,  there  are 
some  technical  difficulties  in  picking  up,  amplifying  and  transmitting  the  signal. 

Tolerance  of  high  levels  of  acceleration  requires  the  Ml  and  LI  manoeuvres  which  involve 
contraction  of  the  abdominal  muscles  and  the  limbs  which  results  in  considerable  myogram 
parasiting  of  the  electrocardiogram.  This  is  why  the  usual  precordial  and  peripheral 
leads  are  replaced  by  electrodes  at  sites  such  as  those  used  in  medicine  of  sport. 

At  the  BRETIGNY  Laboratoire  de  Medecine  Aerospatiale,  the  ECG  is  obtained  in 
two  ways  : 

In  the  first  method,  three  electrodes  are  attached  to  the  previously  scoured 
skin  of  the  subject,  two  under  the  armpits  and  one  in  the  dorsal  region  (VETTES  et  al, 

1979)  . 

In  the  second  method,  four  electrodes  are  attached  to  the  skin,  one  in  each  of 
the  supraspinous  fossa  (right  and  left),  and  the  other  opposite  the  triangle  of  Jean-Louis 
PETIT. 

These  arrangements  provide  the  three  standard  peripheral  derivations  (Dl,  D2 
and  D3).  The  second  arrangement  minimises  baseline  disturbances  due  to  the  myogram  and 
respiratory  changes.  This  method  provides  an  excellent  signal/sound  ratio.  It  also 
leaves  the  thorax  completely  available  for  the  placing  of  the  plethysmograph  electrode 
and  for  the  phonocardiographic  detector  (VETTES  and  AUFFRET  1980). 

After  amplification,  the  electrical  signals  picked  up  by  the  electrodes  are 
transmitted  via  revolving  compacts  towards  the  terminal  recorders  and  displayed  on  a 
cathode  oscilloscope  equipped  with  a  memory,  the  screen  of  which  is  placed  in  front  of  the 
supervising  physician  . 

Rhythm  disturbances,  and  ventricular  extrasystoles  frequently  occur  during  and 
after  exposure  to  +  Gz  accelerations,  particularly  if  these  are  prolonged  (SHUBROOKS  and 
LEVERETT,  1973).  VETTES  et  al,  1979,  recorded  the  onset  of  superior  nodal  extrasystoles 
and  sometimes  bigeminous  ventricular  extrasystoles  at  +  Gz.  According  to  LEGUAY  et 
al,  1978,  the  frequency  of  extrasystoles  during  extreme  accelerations  may  precipitate 
or  intensify  mitral  prolapse. 

Other  abnormal  features  may  appear,  such  as  MOBITZ  type  2  sino-ventricular 
dissociation,  sino-atrial  block  or  atrial  extrasystole. 

Changes  in  the  shape  of  the  tracing  have  been  reported.  These  usually  consist 
of  the  flattening  or  even  inversion  of  the  T-wave  (COHEN  et  al,  1969  and  BURTON  et  al 
1974  b).  Sometimes  the  ST  segment  may  be  depressed  (BURTON  et  al.,  1974  b).  However, 
because  of  the  muscular  artefacts  resulting  from  the  exertion  of  the  Ml  manoeuvre, 
these  changes  are  difficult  to  interpret.  The  vectocardiogram  has  frequently  been 
investigated  and  has  the  advantage  of  visualising  electrical  vectors  in  three  dimensions; 
the  frontal,  sagittal  and  transverse  planes.  None  of  the  authors  have  reported  any 
pathological  signs  (BONDURANT  et  al.,  1958?  COHEN  et  al,  1970). 

According  to  LAUGHLIN  et  al,  1960,  during  high  accelerations  (7  Gz ) ,  the  QRS  complex 
undergoes  posterior  rotation  in  the  sagittal  plane  and  anti-clockwise  rotation  in  the 
transverse  plane.  These  disturbances  are  probably  more  closely  related  to  changes  in 
the  position  of  the  heart  in  the  thorax  than  to  cardiac  failure.  However, 

GILLINGHAM  and  CRUMP,  1976;  and  WILL  et  al,  1978,  reported  transient  changes  in  the 
angle  of  the  T  loop,  suggesting  disturbed  repolarisation. 

During  -Gz  accelerations,  KINNEALY  et  al,  1976,  detected  the  onset  of  a  slow 
and  irregular  junctional  rhythm  which  persisted  for  some  time  after  the  end  of  the  test. 

Transverse  accelerations  may  also  produce  electrocardiography  disturbances 
(ROGGE  et  al,  1969  and  VETTES,  1980).  VETTES  and  AUFFRET,  1980,  suggested  the  presence 
of  an  intermittent  sino-atrial  block  with  escape  beats  at  +  8  Gx,  as  well  as  extrasystoles 
at  +  8  Gx.  One  subject  presented  severe  bradycardia  and  changed  base~line  rhythm 
following  the  halting  of  transverse  accelerations.  Basic  atrial  activity  disappeared 
and  there  was  slow  junctional  escape.  However,  there  were  small  features  in  the  tracing 
just  before  and  just  after  the  ventricular  complex  which  suggest  the  possibility  of 
retrograde  or  dissociated  P -waves.  The  main  features  therefore  are  a  depression  of 
sinus  activity  accompanied  by  junctional  rhythm  and  possibly  some  depression  of  atrio¬ 
ventricular  activity.  These  phenomena  are  part  of  the  short-term  vagal  rebound 
phenomenon  and  have  no  particularly  negative  significance  from  the  cardiovascular  point 
of  view. 


3  -  Arterial  pressure 

The  arterial  pressure  in  the  eye  is  usually  assessed  from  the  pressure  in  the  radial 
artery  determined  by  a  catheter,  with  the  detector  placed  at  the  same  level  as  the  eye 
by  suitable  positioning  of  the  wrist  and  forearm  (LEVERETT  et  al,  1973?  SHUBROOKS,  1973; 
SHUBROOKS  and  LEVERETT,  1973?  KRUTZ  et  al,  1973;  GILLINGHAM  et  al,  1979  and  1978). 
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However  this  is  an  invasive  method  which  is  not  free  from  drawbacks,  since  the  catheter¬ 
isation  of  the  radial  artery  may  produce  pain  in  the  forearm  and  arm  as  well  as  in  the 
thorax  (intercostal  spaces)  or  even  a  loss  of  consciousness  (GILLINGHAM  and  CRUMP,  1976). 

This  is  why  the  BRETIGNY  Laboratoire  de  Medecine  Aerospatiale  has  spared  no 
effort  to  develop  an  accurate  non-invasive  and  indirect  method  of  determining  the  arterial 
pressure. 

In  1958,  CABANON  and  SERIS  developed  an  instrument  for  determining  the  arterial 
pressure  based  on  the  principle  of  pulse  detection. 

The  systolic  arterial  pressure  is  determined  by  means  of  an  arm  band  placed  on 
the  left  arm  of  the  subject.  Alternating  inflation  and  deflation  of  the  band  are 

controlled  by  an  electrovalve. 

A  manocontact  limits  the  maximum  pressure  of  inflation  of  the  armband  to  300  mb 
i.e.  22.5  cm  Hg.  The  pressure  inside  the  armband  is  determined- by  a  mutual  inductance 
manometer. 

A  capacitance  pulse  detector  (infraton)  attached  between  two  fingers  transforms 
changes  in  pressure  due  to  the  blood  flow  in  the  artery  into  changes  of  potential.  These 
changes  are  amplified  in  the  container  of  the  centrifuge,  particularly  under  low  impedance 
to  a  level  of  about  1  volt  and  are  then  transmitted  to  the  recording  assembly. 

The  left  forearm  of  the  subject  rests  in  an  adjustable  groove  which  keeps  the 
arm  fitted  with  the  armband  at  the  level  of  the  clavicle  . 

The  systolic  and  diastolic  arterial  pressures  are  now  determined  by  means  of  a 
pneumatic  armband  which  is  inflated  and  deflated  by  an  electromechanical  system  controlled 
directly  from  the  control  desk.  Recordings  are  made  of  the  pressure  within  the  armband 
and  the  appearance  or  disappearance  of  Korotkoff  sounds  detected  by  a  highly  sensitive 
microphone  placed  over  the  humeral  artery  at  the  end  of  the  elbow. 

A  method  involving  auscultation  in  this  fashion  inevitably  results  in  errors  in 
the  systolic  and  diastolic  pressure  determinations  by  means  of  the  Korotkoff  sounds. 

The  sounds  recorded  result  from  the  beats  of  the  heart.  There  is  a  variable 

latent  period  between  the  time  when  the  pressure  within  the  armband  reaches  the  true 

arterial  pressure  and  the  onset  of  the  Korotkoff  sound.  This  delay  may  be  as  great  as  a 

whole  cardiac  cycle.  The  error  is  therefore  greatest  in  subjects  with  a  slow  heart  rate  and 
with  excessively  rapid  deflation  of  the  armband.  In  practice,  for  a  subject  with  a  heart 
rate  of  about  60  to  70  beats  per  minute  and  with  a  deflation  rate  such  that  the  armband 
is  completely  deflated  within  about  25  seconds,  this  error  should  not  exceed  one  third  of 
a  cm  of  Hg  for  maximal  pressure. 

A  method  of  this  type  was  used  by  PELLIGRA  et  al,  1973.  In  the  Soviet  Union, 
the  Korotkoff  sounds  are  determined  from  the  inflation  pressure  of  the  armband  . 

However,  during  the  revolutions  of  the  centrifuge,  the  microphone  also  picks  up 

the  surrounding  noise  and  vibrations  and  it  becomes  very  difficult  to  interpret  the 
recordings.  For  this  reason  a  differential  determination  is  carried  out  between  the 
main  pouch  of  the  armband  and  a  small  secondary  pouch  over  the  brachial  artery  and 
kept  at  a  pressure  similar  to  tfait  of  the  large  pouch  by  means  of  a  leakage  resistance. 

A  +  5  mb  differential  capsule  between  the  two  pouches  detects  the  oscillations  due  to  arterial 
beats. 

Determination  of  the  arterial  pressure  in  the  eye  involving  Ml-Ll  respiratory 
manoeuvres,  respiration  in  increased  pressure  and  the  wearing  of  anti-g  clothing  has  been 
carried  out  particularly  by  LEVERETT  et  al,  1973;  SHUBROOKS,  1973;  SHUBROOKS  and  LEVERETT 
1973  . 

The  anti-g  trouser  of  itself  tends  to  raise  the  arterial  pressure  in  the  eye 
even  at  low  accelerations  (CABANON  and  SERIS,  1959). 

SHUBROOKS  (1973)  demonstrated  the  beneficial  effect  of  the  Ml  or  LI  manoeuvre 
and  of  respiration  under  increased  pressure  on  arterial  pressure. 

For  VETTES  et  al,  1980,  an  increase  in  both  systolic  and  diastolic  arterial 
pressure  is  normal  in  subjects  with  good  acceleration  tolerance.  During  both  Gx  and 
Gz  accelerations,  if  the  pressure  remains  low  or  collapses,  there  is  a  rapid  loss  of 
vision  and  sometimes  a  total  loss  of  consciousness. 

Any  sudden  increase  in  pressure,  especially  if  accompanied  by  a  narrowing  of  the 
differential  is  also  a  sign  of  intolerance  (VETTES  et  al,  1979). 

4  -  Venous  pressures 

This  was  studied  by  LEVERETT  et  al  (1973),  (BURTON  et  al,  1974),  at  both  central  and 
peripheral  levels  but  requires  the  use  of  invasive  methods.  The  central  venous  pressure 
is  determined  by  means  of  a  catheter  introduced  into  the  medium  cubital  vein  and  pushed 
into  the  superior  vena  cava  of  the  right  atrium.  The  intra-thoracic  pressure,  measured 
by  means  of  an  oesophagial  probe,  serves  as  a  reference. 

The  peripheral  venous  pressure  at  the  ankle  is  determined  by  means  of  a  catheter 
introduced  into  a  surface  vein  of  the  ankle. 

Methods  of  this  type  are  not  used  in  Franqe,  and  only  the  determination  of  the 
blood  flow  in  the  limbs  by  means  of  the  electrical  plethysmograph  can  be  used  to  determine 
venous  accumulation  (VILIAMS). 

5  -  Cardiac  output! 

Most  of  the  methods  for  determining  cardiac  output  are  invasive  methods  requiring  complete 
catheterisation.  In  1960,  LINDBERY  used  a  method  of  cardio-green  dilution.  Other  authors 
have  attempted  an  estimation  based  on  the  investigation  of  changes  in  X-ray  opacity  of 
the  heart  (LEVERETT  et  al.  1973)  or  gamma  ray  opacity  ( KOPPENHAGEN  et  al,  1976). 


GRAY BOYS  and  MtCHAELSON  (1976)  evaluated  the  systolic  ejection  volume  from  the  systolic 
time  intervals  determined  using  a  cardiogram  and  phonocardiogram. 

For  many  years  LAMAS  have  used  an  electrical  plethysmographic  method  which  is 
able  to  determine  changes  in  cardiac  output  or  more  exactly  changes  in  the  systolic 
ejection  volume,  DEMANGE,  1970. 

The  principle  is  simple:  when  a  body  segment  is  crossed  by  a  high  frequency 
electrical  current,  the  variations  of  volume  related  to  circulatory  changes  occurring  in 
the  segment,  result  in  changes  in  electrical  impedance.  A  current  with  high  frequency 
(10O  KHz)  and  low  voltage  is  injected  between  two  electrodes  placed  on  the  skin,  one 
electrode  is  placed  at  the  base  of  the  neck  (carotids),  and  the  other  a  hand’s  breadth 
below  the  left  nipple  (the  lower  precordial  region)  or  beneath  the  rib  cage. 

The  current  flows  between  the  two  electrodes  along  the  conductors  offering  the 
least  resistance  to  its  passage  (aorta,  major  vessels  of  the  trunk). 

Changes  in  impedance,  measured  between  two  cutaneous  electrodes  placed  either 
on  the  sternal  manubrium,  above  the  ascending  aorta,  or  on  the  thorax,  above  the 
thoracic  vessels,  correspond  to  a  change  in  volume  of  the  arterial  segment  lying  between 
the  electrodes  which  is  itself  proportional  to  the  systolic  ejection  volume. 

The  graphical  interpretation  suggested  by  KUBICEK  (extensions  throughout  the 
cardiac  systole  of  the  steepest  slope  at  the  beginning  of  the  systolic  wave)  and 
determination  of  the  systolic  time  interval  from  the  phonocardiogram  or  from  the  ECG  by 
means  of  the  usual  shape,  make  it  possible  to  determine  if  not  the  exact  systolic  ejection 
volume,  at  least  a  value  representative  of  it  and  changing  in  proportion  to  it. 

Given  the  heart  rate  it  is  also  possible  to  deduce  both  the  aortic  and  thoracic 
blood  flow. 

The  equation  required  is  as  follows: 

Av  =  AR  x  p  x  l2 

Ro  ( Ro  +  A|R) 

where 

AV  =  change  in  volume  (ml) 

,»R  =  change  in  electrical  impedance  (ohms/cm  )  (calculated  from  the  graph) 
p  =  resistivity  of  the  circulating  blood  (ohms/cm  )  (mean  value  =  153) 

L  =  distance  between  the  detection  electrodes  (cm) 

Ro  =  baseline  resistance  between  the  eletrodes  (ohms) 

R  and  Ro  are  determined  by  means  of  a  resistance  placed  in  series  with  the 
ejection  electrodes  and  with  an  electrical  potential  opposite  to  that 
detected  by  the  two  detection  electrodes. 

At  present  this  apparatus  is  undergoing  some  modif ications,  particularly  concerning 
the  calibration  ,  which  is  carried  out  within  the  apparatus  itself  by  means  of  a  known 
resistance.  There  is  also  the  possibility  of  an  automatic  or  manual  return  to  the 
base-line. 

This  apparatus  has  four  commutable  channels  and  can  be  used  to  follow  displacement 
of  the  aorta  during  acceleration  by  means  of  a  multiple  array  of  electrodes. 

Correlations  with  invasive  determinations  in  man  (cardio-green) ,  carried  out  by 
DEMANGE  et  al,  1973,  have  shown  that  the  absolute  figures  for  the  cardiac  output  are 
fairly  equivalent  except  for  very  short  subjects  (with  a  short  aorta). 

However,  this  method  is  quite  suitable  for  use  in  evaluation  changes  of  output 
as  a  percentage  of  the  resting  value. 

By  a  similar  method,  ZOUBAVINE  et  al,  1972,  analysed  the  reactions  of  the 
cardiovascular  system  during  experiments  in  the  human  centrifuge. 

DEMANGE,  1970,  showed  that  during  +  3  Gz  longitudinal  accelerations  over  a 
prolonged  period  (15  to  20  minutes),  subjects  without  anti-g  protection  presented 
malaise  with  falls  in  the  systolic  ejection  volume,  arterial  pressure  and  changes  in 
heart  rate  (bradycardia  or  tachycardia). 

However,  the  wearing  of  anti-g  trousers  produced  excellent  tolerance  with  an 
increase  in  the  systolic  ejection  volume,  cardiac  output  and  arterial  pressure  and  reduced 
tachycardia. 

The  same  observation  was  made  by  VETTES  et  al,  1979  and  1980. 

During  the  Gz  acceleration,  the  systolic  ejection  volume  is  considerably  reduced 
(-40  to  -50%)  and  despite  the  tachycardia,  the  cardiac  output  falls  by  25  to  30%. 

Subjects  presenting  visual  disturbances  (grey  or  black  mist),  also  present  low 
arterial  pressure  and  a  considerable  reduction  of  the  systolic  ejection  volume  (65%) 
and  of  the  cardiac  output  and  one  subject  even  lost  consciousness  completely. 

The  fall  in  thoracic  volume  on  exposure  to  10  Gx  acceleration  is  of  the  order  of 
45%  and  a  fall  in  output  of  the  order  of  13%  .  Here  too  a  very  low  arterial  pressure 
9/4.5  is  accompanied  by  a  collapsing  thoracic  volume  (fall  of  75%  with  reduction  of  the 
visual  field). 

6  -  Local  blood  flow: 

It  should  be  noted  that  it  is  important  to  determine  local  blood  flow,  particularly  cerebral 
flow,  during  accelerations  and  this  may  provide  a  fairly  good  reflection  of  the  retinal 
circulation. 

PELLIGRA  et  al,  1973,  KR0T2  et  al.  1975  determined  the  flow  in  the  superficial 
temporal  artery  by  means  of  a  Doppler  electromagnetic  flowmeter  and  demonstrated  the 
relationship  between  the  reduction  of  cerebral  circulation,  the  fail  in  arterial  pressure 
within  the  eye  and  visual  criteria  (black  mist). 


Other  authors,  such  as  WOOD  et  al,  U>63 ,  used  a  photoelectric  apparatus 
placed  on  the  lobe  of  the  ear  to  detectchanges  in  opacity  of  the  ear  (blood  content) 
during  longitudinal  Gz  accelerations. 

DUANE  (1954)  and  LEVERETT  and  NEWSON  (1971)  applied  a  method  of  retinal 
photography  involving  a  fluorescent  substance  to  show  that  the  black  mist,  a  subjective 
phenomenon,  did  correspond  with  the  halting  of  retinal  circulation. 

DEHANGE  and  DEMON  (1963)  explored  the  cerebral  circulation  by  means  of  a  two- 
electrode  rheoplethysmograph .  In  the  two-electrode  method,  the  part  of  the  body  under 
examination  (skull)  is  inserted  by  means  of  two  electrodes,  into  a  branch  of  a  WIEN 
bridge  supplied  will  alternating  current  with  a  frequency  of  150,000  Hz.  A  calibration 
assembly  placed  in  series  makes  it  possible  to  assess  changes  in  the  rheographic  curve. 

The  mean  equilibrium  of  the  bridge  is  obtained  by  adjusting  the  variable  rheostats  and 
capacitances  which  are  placed  in  series  on  another  branch. 

The  disequilibrium  potential  created  by  changing  the  impedance  of  the  deep 
tissues  is  recorded  at  the  exit  from  the  impedance  detector  and  relayed  through  two 
amplifiers.  A  continuous  amplifier  givesthe  base  line  and  an  alternate  amplifier  the 
rheogram.  These  two  parameters  are  recorded  on  two  channels  of  the  graphical  recorder. 

The  two  electrodes  stuck  on  either  side  of  the  skull  record  changes  in  volume 
of  the  large  cerebral  vessels.  They  are  held  tightly  in  place  against  the  skin  by  means 
of  an  elastic  strap  which  also  prevents  any  changes  in  capacitance  and  virtually 
interrupts  the  circulation  of  blood  in  the  scalp  beneath  the  electrodes. 

The  tangent  to  the  curve  in  the  descending  portion  of  the  systole  is  used  in 
interpreting  the  graph.  The  distance  between  this  tangent  and  the  isoelectric  line  at 
the  onset  of  systole  is  equivalent  to  a  change  of  resistance  .A  R,  which  is  nearer  to 
what  actually  happens  (NYBOER). 

DEMANGE  (1967)  was  able  to  follow  the  fall  in  cerebral  flow  (or  at  least  of  an 
index  of  this  flow)  during  longitudinal  Gz  accelerations.  The  appearance  of  the  grey  or 
black  mist  was  reflected  in  a  severe  reduction  of  the  cerebral  arterial  pulse. 

The  4-electrode  electrical  plethysmograph  can  also  be  used. 

7  -  The  visual  fields 

The  assessment  of  the  visual  criteria  is  an  excellent  way  of  assessing  the  haemodynamic 
tolerance  of  a  subject  to  acceleration.  A  loss  of  peripheral  or  central  vision  indicates 
retinal  circulatory  failure  heralding  cerebral  failure.  Many  authors  have  suggested 
visual  criteria  of  tolerance.  The  various  criteria  suggested  include  the  loss  of 
peripheral  vision  (PLL:  Peripheral  light  loss)  and  the  loss  of  central  vision  (CLL: 

Central  light  loss),  or  50%  loss  of  central  vision  (CLD:  Central  light  dim)  (PARKHURST 
et  al.  1972)  SHUBROOK,  1973;  COBURN,  1975;  HILL  1978).  The  technical  assemblies  used 
may  be  very  simple  involving  Only  3  lamps. (one  central  red  lamp  and  2  peripheral  green 
lamps  )  or  highly  complex  ( PELLIGRA  et  al  1973  and  GILLINGHAM  and  MACNAUGHTON  1977). 

At  LAMAS  the  visual  test  explored  peripheral  vision  along  a  meridian.  16  small 
white  lights  are  placed  every  10  degrees  on  a  semi-circular  ramp  placed  on  a  horizontal 
plane  which  passes  through  the  eyes  of  the  subject.  The  two  outermost  lights,  if  they  are 
visible,  correspond  to  a  visual  field  of  180°. 

From  the  medical  surveillance  post,  a  control  box  provides  random  lighting  of 
the  outermost  light  to  the  right  and  left.  The  subject  must  maintain  central  vision 
and  put  out  the  lights  by  means  of  a  push  button.  The  time  taken  to  put  them  out  is 
converted  into  numerical  form  and  included  inthe  print-out.  Failure  to  put  out  a  light 
is  considered  as  a  reduction  of  the  visual  field  by  20“  and  the  lighting  pattern  moves 
on  to  the  following  combination.  The  arrangement  of  lights  is  reproduced  on  the 
control  desk  in  front  of  the  physician. 

This  system  is  able  to  explore  the  visual  field  and  also  to  assess  the  time 
taken  to  respond  (the  reaction  time)  to  a  luminous  Bignal  (the  mean  time  taken  to  switch 
on  the  light  is  about  one  second). 

Under  both  Gz  and  Gx  accelerations,  the  reduction  of  visual  field  is  related  to 
marked  hypotension  and  a  collapse  in  the  thoracic  or  systolic  ejection  volume  and  also 
to  subjective  effects:  grey  or  black  mist  (VETTES  and  AUFFRET  1980). 

8  -  Conclusions: 

Sustained  Gz  and  Gx  accelerations  definitely  affect  cardiovascular  function  and  consequently 
use  of  the  human  centrifuge  must  always  be  accompanied  by  close  cardiovascular  monitoring 
by  the  investigator.  The  various  non-invasive  methods  of  functional  investigation  have 
the  advantage  of  being  simple  to  carry  out,  and  of  being  suitable  for  prolonged  and 
repeated  use  . 
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